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Development of the ATLAS integrated structural analysis 
and design system was initiated by The Boeing Commercial Airplane 
Company in 1969. continued development efforts have resulted in 
the release and application of several extended versions of the 
system to aerospace and civilian structures. Those capabilities 
of the current ATLAS version developed under the NASA Langley 
Contract No. NAS1-12911 include the following: geometry control, 

thermal stress, fuel generation/management, payload management, 
loadability curve generation, flutter solution, residual 
flexibility, strength design of composites, thermal fully 
stressed design, and interactive graphics. The monitor of this 
contract was G. L. Giles. The inertia loading capability was 
developed under the Army Contract No. DAAG46-75-C-0072 . 


This document is one volume of a series of documents 
describing the ATLAS System. The remaining documents present 
details regarding the input data and program execution, data 
management, system design, and the engineering method used by the 
computational modules. 


The key responsibilities for development of ATLAS have been 
within the Integrated Analysis/Design Systems Group of the 
Structures Research Unit of BCAC and the ATLAS System Group of 
the Boeing Computer Services Company {BCS) Integrated Systems and 
Systems Technology Unit. R. E. -Miller, Jr. was the Program 
Manager of ATLAS until 1976 after which K. H. Dickenson assumed 
this position. The current ATLAS System is the result ot the 
combined efforts of many Boeing engineering and programming 
personnel. Those who contributed directly to the current version 
of ATLAS are as follows: 


B. F. Backman 
G. N. Bates 
L. C. Carpenter 
R. E. derations 

R. L- Dreisbach 
W. J. Erickson 

S. H. Gadre 
F. P. Gray 

D. W„ Halstead 


H. B. Hansteen 
B. A. Harrison 
J. M. Held 
M. Y. Hirayama 
J. R. Hogley 
H. E. Huffman 
D. W. Johnson 
A. S . Kawaguchi 


C. D. Mounier 
F. D. Nelson 
M. C. Redman 

R. A. Samuel 
M. Tamekuni 

G- von Limbach 

S. 0. Wahlstrom 
R. A. Woodward 
K. K. Yagi 


I 


hot 


fumed 


» 


iii 



ABSTRACT 


This document is one of a series of documents describing the 
AT1AS System for structural analysis and design. This volume 
describes a set of problems that demonstrate the various analysis 
and design capabilities of the ATLAS System proper as well as 
capabilities available by means of interfaces with other computer 
programs . 

Input data and results for each demonstration problem are 
discussed. Results are compared to theoretical solutions or 
experimental data where possible. Listings of all input data are 
included. 


-iv- 


CONTENTS 


P a g e 

*. 101. INTRODUCTION 101.1 

/ 

201. SUBSTRUCTURED STRESS AND VIBRATION ANALYSES OF A 

TRANSMISSION TOWER 201.1 

202. STRESS, VIBRATION AND FLUTTER ANALYSES OF A DELTA WING . 202.1 

203. STRESS AND VIBRATION ANALYSES OF AN SST AIRCRAFT .... 203.1 

204. SUBSTRUCTURED STRESS AND VIBRATION ANALYSES OF AN SST 

AIRCRAFT 204.1 

205. VIBRATION ANALYSIS OF THE FIREBEE DRONE 205.1 

206. BEAM VIBRATION 206.1 

207. BUCKLING AND SUPERPOSITUN 207.1 

208. FUEL AND PAYLOAD MANAGEMENT 208.1 

209. FULLY STRESSED DESIGN AND COMPOSITE OPTIMIZATION .... 209.1 

210. THERMAL FULLY STRESSED DESIGN 210.1 

211. FLUTTER ANALYSIS OF AN SST AIRCRAFT 211.1 

212. FLUTTER ANALYSIS OF A T* TAIL AIRCRAFT 212.1 

213. 3-D STRESS ANALYSIS OF A ROTATING DISK 213.1 

301. ATLAS/FLEXSTAB INTERFACES 301.1 

302. ATLAS/NASTRAN INTERFACES 302.1 

303. ATLAS/NASA- LARC AIRPLANE CONFIGURATION PROGRAM 

INTERFACE 303.1 

401. REFERENCES 401.1 


<* 


-v- 



FIGURES 


No. Page 


201-1 Transmission Tower 201.10 

201-2 Substructure Models, Transmission Tower ...... 201.11 

201- 3 Substructure Interaction Tree, Transmission Tower . 201.12 

202- 1 Delta Wing Structural Grid with Node Numbers ... 202.10 

202-2 Delta Wing Weights Panels 202.11 

202-3 Flutter Analysis of Delta Wing 202.12 

202-4 First Flexible Mode Shape Along Spar 2 of Delta Wing 202.13 

202-5 Flutter V-g Plot, Delta Wing 202.14 

202-6 Flutter V-f Plot, Delta Wing 202.15 

202- 7 Delta Wing Upper Surface Stress Contours - 

Pressure Loading 202.16 

203- 1 SST Structural Model 203.11 

203-2 SST Body Stiffness Properties ........... 203.12 

203-3 Freedoms Retained in SST Vibration Analysis .... 203.13 

203- 4 Third Mode Shape, SST 203.14 

204- 1 Substructured Model of SST ...... 204.12 

205- 1 Total FIREBEE Structural Model 205.17 

205-2 Fuselage Model, FIREBEE Drone 205.18 

205-3 Wing Upper Surface Model, FIREBEE Drone ...... 205.19 

205-4 Wing Lower Surface Model, FIREBEE Drone 205.20 

205-5 Wing-Body Intersection Model, FIREBEE Drone .... 205.21 

205-6 Horizontal Tail Model, FIREBEE Drone 205.22 

205-7 Fourth Mode Shape, FIREBEE Drone ... 205.23 

205- 8 Sixth Mode Shape, FIREBEE Drone 205.24 

206- 1 Beam Model with Structural Nodes at Concentrated 

Mass C.G.’s 206.11 

206-2 Beam Model with Structural Nodes at Elastic Axis . 206.12 

206-3 Tapered Beam ............ 206.13 

206-4 BEAM Element Model of Tapered Beam ........ 206.14 

206-5 BRICK Element Model of Tapered Beam ........ 206.15 

206-6 Fourth Mode Shape, Uniform Beam without 

Concentrated Masses .... ... 206.16 

206- 7 Third Mode Shape, Tapered Beam 206.17 

207- 1 Structural Model and Loading for Buckling 

Analysis 207.7 

207-2 Loading for Superposition Demonstration 207.8 

207-3 Half-Models for Superposition Demonstration .... 207.9 

207-4 Buckled Shape for Third Mode of Frame ....... 207.10 

207-5 Bending Moment at End of Beam 207.11 

207- 6 Frame Displacements Due to Support Motion 207.12 

208- 1 Mass Model for Fuel and Paylc?d Demonstration ... 208.9 

208-2 Location of Fuel Tanks, Cargo Holds and Seating . . 208.10 

208- 3 Loadability Diagram, Fuel and Payload Demonstration 208.11 

209- i Structural Model, Design Demonstration 209.14 

209-2 Element Subsets for Design 209.15 


-vi- 



209-3 SPAR Element Subsets for Design 209.16 

209-4 Total Weight vs. Cycle, Design Demonstration . . . 209.17 

209-5 Surface Thickness Changes, Element Subset 121 ... 209.18 

209-6 Margins of Safety, Cycle 1, Element Subset 121 . . 209.19 

209- 7 Margins of Safety, Cycle 2, Element Subset 121 . . 209.20 

210- 1 25-Bar Transmission Tower Model ..... 210.6 

210-2 Total Mass vs. Design Cycle, 25-Bar Transmission 

Tower 210.7 

210- 3 Thermal Margins of Safety, 25-Bar Transmission Tower 210.8 

211- 1 Structural Model for Flutter Demonstration . . . . 211.18 

211-2 Mass Model for Flutter Demonstration 211.19 

211-3 First Flutter Analysis, Mach=0.8 211.20 

211-4 Second Flutter Analysis, Mach=0.8 ......... 211.21 

211-5 Third Flutter Analysis, Mach= 1.526 ........ 211.22 

211-6 Fourth Flutter Analysis, Mach =0.8 211.23 

211 7 V-g Plot, First Flutter Analysis Including Residual 

Flexibility Effects .. ... 211.24 

211-8 V-f Plot, First Flutter Analysis Inclining Residual 

Flexibility Effects .. 211.25 

211-9 V-g Plot, First Flutter Analysis Without Residual 

Flexibility Effects .. ......... 211.26 

211-10 V-f Plot, First Flutter Analysis Without Residual 

Flexibility Effects .. 211.27 

211-11 V-g Plot, Second Flutter Analysis . 211.28 

211- 12 V-f Plot, Second Flutter Analysis . 211.29 

212- 1 Structural Model, YC-14 Empennage 212.13 

212-2 Aerodynamic Modelling for YC-14 Empennage Surfaces 212.14 

212-3 V-g Plot, YC-16 Empennage .... 212.16 

212- 4 V-f Plot, YC-14 Empennage 212.17 

213- 1 Disk 213.5 

213-2 Model of Disk Segment 213.6 

213-3 Stresses Due to Angular Velocity 213.7 

213-4 Stresses Due to Angular Acceleration 213.8 

213-5 Stresses Due to Bore Pressure 213.9 

213-6 Stresses Due to Rim Pressure 213.10 

213-7 Stresses Due to Thermal Loading 213.11 

301-1 Schematic Oi ATLAS/FLEXSTAB Interface Demonstration 301.19 

301-2 Structural Model 301.20 

301-3 Mass Model . 301.21 

301- 4 Body Bending Moment 301.22 

302- 1 Schematic of ATLAS/NASTRAN Interface Demonstration 302.5 

303- 1 SST Configuration 303.14 

303-2 ATLAS Nodal Data for SST Aircraft 303.15 

303-3 Fighter Aircraft Configuration ... 303.16 

303-4 ATLAS Nodal Data for Fighter Aircraft 303.16 

303-5 Schematic of ATLAS/LaRC Airplane Configuration 

Program Interface Demonstration 303.17 


-vii- 


TABLES 


No. Page 

"ft 

V 101-1 Description of Demonstration Decks . > 101.2 

101-2 Summary of Capabilities Demonstrated 101.3 

201- 1 Comparison of Natural Frequencies for Transmission 

Tower - 201.9 

202- 1 Mass Comparison for Delta Wing - 202.8 

202- 2 Comparison of Natural Frequencies for Symmetric Modes 

of Delta Wing ........... 202.9 

203- 1 Natural Frequencies for SST Aircraft ........ 203.10 

205- 1 Natural Frequencies for FIREBEE Drone .. 205.16 

206- 1 First Mode Frequencies for Uniform Beam with 

Offset Masses ...... 206.8 

206-2 Natural Frequencies of Uniform Beam without 

Concentrated Masses 206.9 

206- 3 Natural Frequencies of Tapered Beam ... 206.10 

207- 1 Critical Load Values for Plane Frame 207.6 

209-1 Summary of Design Options Used -. 209.12 

209-2 Optimum Number of Layers per Lamina .... 209.13 

212-1 Natural Frequencies, YC-14 Empennage 212.12 



101 . 


INTRODUCTION 




This document describes the set of ATLAS System demonstration 
problems. A list of the problem decks and a brief description of 
each are presented in table 101-1. 

The 200-series sections of this document discuss the problem 
used to demonstrate capabilities of the ATLAS System proper, 
whereas the 300-series sections discuss several analytical 
capabilities available to ATLAS users by means of interfaces with 
other computer programs. 

The discussion of each demonstration problem is comprised of 
the following parts: 

• Description of the analysis (model, loading, analysis 
performed , etc . ) 

• Presentation and discussion of results 

• Listing of Control Program and input data 

The features demonstrated by each deck are summarized in 
table 101-2. Reference 101-1 should be consulted for 
descriptions of system capabilities and input data formats. 

Other documentation of ATLAS usage in production environments 
include that presented in references 101-2 through 101-7. The 
stress analysis of a large sports stadium (3400 nodes, 9600 
elements, 20 000 freedoms, 70 million words of storage), and a 
detailed three-dimensional stress analysis of a gas turbine 
engine blade (3200 nodes, 350 solid elements, 9500 freedoms, 15 
million words of storage) are described in references 101-2, 101— 
3 and 101-4, respectively, in terms of problem definition, 
solution approach, data management and cost. The automated 
strength resizing of an arrow-wing supersonic cruise aircraft 
(ref. 101-5) with approximately 20 000 design variables 
demonstrated the practicality of using ATLAS in the earliest 
stages of the interdisciplined aeroelastic design process. Use 
of those methods implemented in ATLAS during its continued 
development to automate the strength/stiffness (flutter) 
aeroelastic design process for metallic and composite structural 
components are described in references 101-6 and 101-7. 
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Table 101-1. Description of Demonstration Decks 


Deck 
| Number 

Document 

Section 

Description 

1 

204 

Substructured stress and vibration analyses 
of an SST 

2 

203 

Non-substructured stress and vibration 
analyses of an SST 

3 

209 

Fully stressed design and composite 
optimization 

4 

211 

Flutter analysis of an SST 

5 

301 

ATLAS to FLEXSTAB interface 

6 

301 

FLEXST.AB to ATLAS interface 

7 

303 

NASA-LaKC Configuration Program interface 
to ATLAS 

8 

206 

Normal mode analyses of canti lever beams 

9 

302 

ATLAS-NASTRAN interfaces 

10 

202 

Stress, vibration and flutter analyses 
of a delta wing 

11 

201 

Substructured stress and vibration 
analyses of a transmission tower 

12 

213 

Stress analysis of a rotating disk 

13 

207 

Frame buckling and superposition 

14 

212 

Flutter analysis of a T-tail aircraft 

15 

205 

Vibration analysis of the FIREBEE Drone i 

16 

208 

Fuel and payload management 

17 

210 

| Thermal fully stressed design 
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Table 101-2. Summary of Capabilities Demonstrated 


CAPABILITY 


1 2 3 4 5 6 


pick Nuy.bi : - 

? | 6 I 9 I 10 I II | 12 | 13 [ 14 1 15 1 16 1 17 


Stati c Stress Analysis, STRESS 

Static Stress. -n alt tis. R -STRESS 

Reduced Stiffness M atr ix, K- REDUCE 
Reduc ed F lexibility Ma trix. F-REDUCE 
Reduced Stiffness and Mass 
Matrices. REDUCE 


Substructure Procedures 


Design. DESIGN 


STRUCTURE DEFINITION 


Geometry 


Local Analysis Frames 


Special Materials 


Composite Materials 


BC Specification 


Stiffness Elements: 


KWl 


BEAK 


SPAR 


CO'- ER 


PLA'E 


GPLATE 


BRICK 


SPLATE 

CCOVER 


Subsets 


Substructures 


STATIC LOADING 


Nodal Loading 


Element Loading 


Rotational Inertia Loading 


Thermal Loading 


Support Displacements 


Superposition 


External Nodal Loads Matrix 


WEIGHTS 8 DYNAMIC MODELING 


Structural Mass 


Ron-Structural Mass 
Mass Elements 


Concentrated Mass 


Fuel. 

Payload 

-Substructures 

Fuel and Payload Managem ent 
Wei ght Ca lculation Only 
Reduced Matrix Calculat 
by Mass Processor: 

Diagonal 
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Table 101-2. Summary of Capabilities Demonstrated (Cont'd. 



DFSJjGN 

Fu ll y-str esse d Re sue 

Therm al Design 

Comp osite Optimization 

History 


UNSTEADY AERODYNAMICS 

8 flutter 


Doublet Lattice 

M ach Box 

API 


RH03 


Residual Flexibility 


Flutter 


PRINTED OUTPUT 


Material Data 


Nodal Data 


Stiffness Data 


BC Data 


Mass 

Input 

Output 

Loads 

Input 

Output 


Design 

Input 

Output 


Add/ Interpolate Output 


A C 1 

I nput 

Output 


Doublet Lattice 
Input 


Output 

FLEXAIR Output 


er 

NPUT 


Output 


Mach Box 

Input 

Output; 

RH03 

Input 

Output 

Interact Da ta 

Stresscs: : I j j I i J 

Flement _ _ _ _ X X I I I ! X L X 

PICK NOPAL_?-RFSf_ r S_ _ | | | I ' | 

Table continued on next page 
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Table 101-2* Summary of Capabil ities Demonstrated (ContM) 
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Mass Elements 
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Element Stress Contours 
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Static Displacements 
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Vibration Mode Shapes 
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Buckling Mode Shapes 
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Kargins of Safety: 
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Loadability Diagrams 
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V-G AND V-F GRAPHS 
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Exploded Geometry Plots 
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SYSTEM INTERFACES 
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ATLAS/LaRC Configuration 
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201. SUBSTRUCTURED STRESS AND VIBRATION ANALYSES 
OF A TRANSMISSION TOWER (DECK 11) 


201.1 DESCRIPTION OF ANALYSES 

The structure analyzed in this demonstration problem is a 
power transmission tower as shown in figure 201-1. 

The structural model consists of four substructures as shown 
in figure 201-2. The interaction tree is shown schematically in 
figure 201-3. The legs of the tower were modelled with BEAM 
elements, the diagonals with ROD elements. Masses are obtained 
from the stiffness finite elements. All translational freedoms 
at the base are supported. Nodal loads are applied at the six 
hanger points. 

The vibration analysis for natural frequencies and mode 
shapes is performed on the top level substructure using reduced 
stiffness and mass matrices. All translational freedoms (except 
TZ at the intersection of the bottom panel diagonals) are 
retained. The reduced mass matrices for the lowest level 
substructures are calculated directly by the Mass Processor. 

To obtain an alternate solution, a NASTRAN (ref. 201-1) model 
of the same structure was made and analyzed. ROD and BAR 
elements were used for the structural model. All mass was 
specified as concentrated masses. The NASTRAN model was not 
subst ructured . 

201.2 RESULTS 

Nodal displacements, element stresses and reactions from the 
ATLAS analysis agree exactly with the corresponding quantities 
from the NASTRAN analysis. 

Natural frequencies obtained from ATLAS are compared with the 
corresponding NASTRAN values in table 201-1. 
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201.3 LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CCMRCL PROGRAM DEMO 1 1 

PROBLEM ICCCEMCll - SU0STRUCTUREO STRESS/VI BRAT ICN ANALYSES) 

PURPOSE THE PRINCIPAL CAPABILITIES OEMONSTRATEC BY 

THIS CECK ARE 

1. SLBSTRLCTLEEO STRESS ANALYSIS 

2. SLBS TRLC TUREO VIBRATION ANALYSIS 

3. EXPLODED GEOMETRY PLOTS 

AUTHOR M. TAMEKUNI 

CORE 1 3 0 K (OCTAL) 


THIS EXAMPLE REPRESENTS AN ATLAS RUN TO PERFORM STRESS 
ANO VIBRATION ANALYSES FCR A TRANSMISSION TOWER WHICH 
IS MOCELEC AS FCUR SUBSTRUCTURES. SS-I TO 4. SS-5 IS 
FORMEC BY INTERACTING SS-l TO 4. 


THE EXECUTION SEQUENCE IS 

It REAC INPUT THE INPUT DATA ARE 

PREPROCESSEO. ANO WRITTEN 
GN THP OATA FILE. SS-I TO 4 
ARE DtFINED AS STIFFNESS/MASS 
SETS 1 TO 4. SS-5 IS DEFINED 
AS SET-5 FOR VIBRATION 
ANALYSIS. 

2) EXECUTE STIFFNESS, . COMPUTE ELEMENTAL STIFFNESSES 
MASS ANC THE NON-OI AGONAL MASS 

MATRICES POR THE RETAINEC 
FREEDOMS FOR SETS I TO 4. 

31 EXECUTE LOADS PROCESS LCACS FOR 

SUBSTRUCTURES 1 ANO 3. NO 
LOADS ARE A PPL I EC TC 
SUBSTRUCTURES 2 ANC 4. 

4) PERFORM SS-MERGE. .. FORM GROSS STIFFNESS ANC LOAD 

STIF.LOAD MATRICES FOR SS-1 TO 4. 

51 PERFORM SS-RECU, ... REDUCE GROSS STIFFNESS AND 

STIF.LCAC LOADS MATRICES FOP SS-I TO 4. 

61 PERPC®** SS-MERGE, .. FORM GROSS STI FFNESS.LOAOS 
STIF.LCAC, MASS AND MASS MATRICES FCR SS-5. 

71 PERFORM SS-VSOl .... COMPUTE RECUCEO STIFFNESS ANO 

MASS MATRICES FOR SS-5 TO 
PERFORM SUBSEQUENT VIBRATION 
ANALYSIS. 

81 EXECUTE MASS COMPUTE MASS PROPERTIES FCR 

TOTAL STRUCTURE. (SET-51 

5) EXECUTE VIBRATION .. COMPUTE THE FIRST 5 FPECUEN- 

CIES AND MODES. 

10) PERFORM SS-SSOL .... COMPUTE DISPLACEMENTS FOR 

SS-5. 
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lit 

PERFORM 

SS-PART I T ION 

FROM THE DISPLACEMENT MATRI- 
CES FOR SS-S. EXTRACT DISPLA- 
CEMENTS AT RET AINEC FREEDOMS 
FOR SS-1 TO 4. 

12) 

PERFORM SS-dACK .... 

PERFORM BACK SUBSTITUTION TO 
COMPUTE ALL DISPLACEMENTS AND 
REACTIONS FCR SS-1 TO 4. 

13) 

EXECUTE STRESS. .... 
PRINT STRESSES. 
DISPLACEMENTS 
ANC REACTIONS 

COMPUTE ELEMENTAL STRESSES 
ANO PRINT STRESSES, 
DISPLACEMENTS AND REACTIONS 
FOR SUBSTRUCTURES 1 TO 4 

14) 

PRINT INPUT, 

NOCAL ANO 
STIFFNESS 

PRINT NOCAL AND STIFFNESS 
INPUT OATA FUR SETS 1 TO 4 

15) 

EXECUTE GRAPHICS ... 

PLOT TOTAL STRUCTURE ANC 
COMPONENT SUBSTRUCTURES 

lo) 

PRINT INPUT. 

INTERACT 

PRINT INTERACT OATA FOR 
ALL SUBSTRUCTURES. 

17) 

PRINT OUTPUT 

VIBRATION 

PRINT FRECUENC IES ANC MODE 
SHAPES. 

18) 

ERROR PRCCEOURE .... 

SAVE DATA FILES IF AN ERROR 


ts ENCOUNTERED during 
EXECUTION. 


USER COMMON IK) 

c 11 

RE AC INPUT 

DO 10 K-1.4 

EXECUTE STIFFNESS I SE T=K ) 

EXECUTE NASS ISET-K.CPTI0N-3.C0NDITICN-1 I 
10 CONTINUE 

C 3) 

EXECUTE LGACS (SS-I 1.311 

C *1 

PERFORM SS-PERCE « ST IF, LOAD, SS-1 TO 4) 

C 51 

PERFORM SS-RECU I ST IF ,LOAO .SS-1 TO 41 

C 6) 

PERFORM SS-PERCE I ST IF .LOAD , PASS. SS-S I 

C 7) 

PERFORM SS-VSCL (SS-5) 

C 81 

EXECUTE NASS I SET-S.CCNOI T ION-1 I 
C <1 

EXECUTE VIBRATION ( ST IF-KREDC05.NASS-PRED005 .NFREGS-S, SET-SI 

C 10) 

PERFORM SS-SSCL ISS-51 

C 11) 

PERFORM SS-PARTITICn lSS-5) 

C 121 

PERFORM SS-BACK (SS-l TO 4) 

C 13) 

CO 20 K-1,4 
EXECUTE STRESSCSS-K) 

PRINT 0UTPUTI5TRESS.SS-N1 
print cut put (CIsp.ss-k) 

PRINT CtTPUT (REACTIONS. ECCHK.SS-K! 

20 CONTINUE 

C 141 

CO 30 K«l,4 

PRINT INPUT (NOCAL, SET-K) 

PRINT INPUT (STIFFNESS. SET-K) 


i 

i 
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90 CONTINUE 

EXECUTE EXTRACT(EXNAHE*SS1 , LSUB»KGRI 0, KSET* 1 > c SUB>£ 1 ,NSU8*N2 ) 
EXECUTE EX TRAC T ( EXNAME*SS2 »LSUB=KGR I0,KSET*2 » ESU9*£l,NSU8*Nl ) 
EXECUTE EXTRACT! EXNANE*SS3«L SUB*KGRI 0 »KSET»3 , E5U8«€1 *NSU8»Nll 
EXECUTE EXTRACT4EXNAME*SS4»LSL'B»KGRIC»KSET*4,ESU8*E1»NSUB«N1I 
EXECUTE GRAPH ICS t GNAME=GEOM.CFFL INE*CALCCMP , EXPLODE, TYPE*ORTH, 


X SIZE*! IS, 15),eXNAM£»( SSI ,SS2 1 SS3, SS4 )» 

EXECUTE GRAPHICS! GNAME*G£OH,EXPLOOE , TYP£*CR TH, SIZE* (15, 151, 

X TX—250.,EXNAHE«SS1,TX*0.,TY*100.,EXNAME=SS2, 

X TX-50. , T Y*0 . ,EXNAME=SS3 ,TX*0. , T Y«-250 . , 

X ExNAHE»SS4) 

C 16 ) 

PRINT INPUT l INTERACT, NODE. SS*1 TO 51 
PRINT INPUT (INTERACT, CONN, SS*1 TO A! 

PRINT INPUT ( INTERACT. RET4,5S»i TO 41 
PRINT INPUT (INTERACT, BC.SS-1 TO 5) 

PRINT INPUT (INTERACT, LOADS, SS-l TO 5) 

C 17) 

PRINT OUTPUT ( V I8RATICN) 

ERROR PROCEDURE 

SAVE PILES 

END CONTROL PRCGRAN 
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•/ *•**•*•»*••••«< 

BEGIN NOCAL CAT* 


1 

165.0 

148.0 

634.5 






/ 

n 

4 . 

165.0 

150.0 

634.5 






/ 

400 

112.8 

165. C 

56.0 






/ 

1001 

1CC.0 

• 

40E.0 

TO 

1003 

100.0 

169.0 

600.0 

/ 

101 

1CC.0 

100.0 

0.0 

TO 

106 

148.0 

6a 

360.0 






OF 

8.0 ( 7 

• 0 • Ct 

V) 

• 

o 

• 

6* 

• 

O 


/ 

401 

6 

238.0 

•2 


406 

148.0 

190.0 

66 

✓ 

106 




TO 

116 

148.0 

148.0 

600.0 

/ 

406 




• 

416 

6 

190.0 

• • 

/ 

REORDER 

FROM 

101 







/ 

SET 2 









/ 





*** * 





/ 

2 

16S.C 

150.0 

634.5 






/ 

300 

• 

225.2 

56.0 






/ 

301 

238.0 

• a 

0.0 

TO 

306 

190.0 

6a 

360.0 






CF 

8.0i7 

• 0 *6« Oi 

5.0i4. 0 


/ 

401 

100.0 

• 3 



406 

148.0 


66 

/ 

306 




TO 

316 

190.0 

190.0 

600.0 

/ 

406 




• 

416 

148.0 


66 

/ 

RECROER 

F«*CP 

301 







/ 

SET 3 









/ 

1 

165. C 

148.0 

634.5 






/ 

2 

* 

140.0 

6 






/ 

200 

225.2 

165.0 

56.0 






/ 

2CC1 

238. C 

• 

408.0 

TO 

2003 

238.0 

169.0 

600.0 

/ 

201 

6 

1C0.0 

0.0 

6 

206 

190.0 

148.0 

360.0 






OF 

8. .7 

• 1 6 • • 5 • 

(4.0 


/ 

301 

• 

238.0 

• 2 


306 

6 

190.0 

66 

F 

206 




10 

216 

190.0 

148.0 

600.0 

F 

306 




♦ 

316 

6 

190.0 

66 

/ 

RECRCER 

FRCP 

201 







/ 

SET 4 









/ 





• Ml 

>666666 




F 

1 

165.0 

148.0 

634.5 






F 

ICC 

* 

112.8 

56.0 






F 

101 

100.0 

*» 

0.0 

TO 

106 

148.0 

6a 

360.0 






CF 

8.0. 

7.0 6. 

5. (4.0 


/ 

201 

238. C 


• 3 


206 

190.0 

66 


F 

106 




TO 

116 

148.0 

148. C 

600.0 

/ 

206 




6 

216 

190.0 


*• 

/ 

RECROER 

FROM 

101 







F 

ENC NOCAL 

''ATA 








/ 

BEGIN ST • 

FNESS 

CATA 







F 

BEGIN PROPERTY 

CATA 







F 

PI 5 

.15 C 

. 0. 

39.8 19.5 

6a 




t 

P2 3 

1.75 C 

. 0. 

11.2 5 

.6 

5.6 




F 

P3 2 

.11 C. 

C. 3.6 

1.8 1. 

8 2. 

11 0. 

0. 3.6 

1.8 1.8 

111.0 

/ 

P4 2 

.11 2 

.11 







F 


P5 1.15 • * 

P6 3.25 3.25 

ENC PROPERTY CATA 
BEGIN ELEMENT DATA 


BEAH 

HP 1G1 

102 

400 

PI 

TO 

105 

106 

400 

8Y 

1 

1 0 

F 

6 

4C’ 

402 

400 

PI 

TO 

405 

406 

400 

BY 

1 

1 0 

F 

6 

If 

1C 7 

406 

P2 

TO 

115 

116 

406 

•* 



F 

a 

• .6 

407 

106 

P2 

TO 

415 

416 

106 

•» 



F 

6 

416 

2 

116 

P2 








/ 

6 

116 

1 

416 

PZ 








F 

6 

4C2 

400 

403 

P3 








t 

6 

102 

4CC 

1C3 

P3 








F 

RCD 

401 

400 


P4 








F 

6 

1C1 

40C 


• 








F 

6 

4C3 

400 


• 








F 

6 

103 

400 


• 








F 

6 

4C3 

103 


P5 

TO 

416 

116 





F 

6 

1C3 

404 


•2 


115 

416 

BY 

2 

2 


F 

6 

4C4 

105 


*2 


414 

115 

** 




F 

* 

1 

2 


P 5 








F 

6 

1 

416 


• 








F 

6 

1001 

108 


P6 

TO 

1003 

116 

9 Y 

1 

4 


F 
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<>16 *• 


* 


4 

4 

1CC2 

1CC3 


608 

ICS 

60S 

113 

413 

1 

2 


* 

4 

* 

4 

* 

* 


ENC ELEMENT CAT* 
SET 2 


•/ 


4/ 


♦ / 


P4 2.11 2.11 

P5 1.15 

ENC PRGPERTY CATA 
EEC IN ELEMENT CATA 


••*444 

BEGIN 

PROPERTY CATA 

0000* 

44444 

000 

000004 

t0900 



/ 

/ 

P3 

2.11 C. C. 

3.6 

1.8 1 

.8 2. 

11 

0 . c. 

3.6 

1.8 1. 

8 111.0 

/ 

P4 

2.11 2.11 









( 

P- 

1.15 4. 









t 

ENC PROPERTY CATA 









/ 

BEGIN 

ELENENT LATA 









/ 

BEAM PE 3C2 

3CC 

303 

P3 






/ 

BEAM 402 

300 

403 

P3 






/ 

ROC 

3C1 

3C0 


P4 






/ 

ROC 

401 

3C0 


• 






/ 

ROD 

3C3 

• 


0 






/ 

RCC 

4C3 

0 


0 






/ 

RCO 

3C3 

40 3 


P5 

TO 

316 

416 



/ 

ROD 

4C3 

304 


*2 


415 

316 


eY 2 2 

/ 

RCO 

304 

<>05 


42 


314 

415 


00 

f 

ENC ELEMENT CATA 









/ 

SET 3 










/ 

/ 

BEGIN 

PROPERTY CATA 








/ 

PI 

5.75 C. C 

. 39.8 

19.9 

0M 




/ 

P2 

3.75 C. 0 

. 11.2 

5.6 

5.6 





/ 

P3 

2.11 C. C. 

3.6 

1.8 1 

.8 2. 

11 

0. 0. 

3.6 

1.8 1. 

a ni.o 

/ 

P4 

2.11 2.11 









/ 

P5 

1.15 4 m 









/ 

P 6 

3.25 3.25 









/ 

ENC PROPERTY CATA 









/ 

BEGIN 

ELEMENT CATA 








/ 

BEAM ME 2C1 

202 

200 

PI 

TO 

205 

206 

200 

BY l 1 0 

/ 

♦ 

3C1 

302 

200 

PI 

TO 

305 

306 

200 

BY l 1 0 

/ 

• 

2C t 

207 

306 

P2 

TO 

215 

216 

306 

** 

/ 

• 

3C6 

3C7 

2C6 

P2 

TO 

315 

316 

206 

00 

/ 

0 

216 

1 

316 

P2 






/ 

• 

31 6 

2 

216 

0 






/ 

* 

202 

2GC 

2C3 

P3 






/ 

* 

302 

2GC 

3C3 

P3 






/ 

RCC 

2C1 

2CC 


P4 






/ 

* 

3C1 

* 


• 






/ 

• 

2C3 

• 


0 






/ 

* 

3C3 

* 


0 






/ 

• 

2C3 

303 


P5 

TO 

216 

316 



/ 

♦ 

3C3 

2C4 


• 

0 

315 

216 

8Y 

2 2 

/ 

♦ 

2C4 

3C5 


• 

* 

214 

315 

*♦ 


/ 

• 

216 

2 


* 






/ 

♦ 

2CC 1 

2C8 


P6 

TO 

2003 

216 

BY 

1 4 

/ 

• 

• 

3G8 


• 

9 

0 

316 

** 


/ 

• 

• 

2C5 


P6 






/ 

* 

* 

3C9 


• 






/ 

0 

2CC2 

213 


0 






/ 

• 

• 

313 


0 






/ 

• 

2CC3 

1 


0 






/ 

• 

♦ 

2 


0 






/ 

ENC ELEMENT CATA 









/ 

SET 4 










/ 

/ 

BEGIN 

PROPERTY CATA 








/ 

P3 

2.11 C. C. 

3.6 

1.8 1 

.8 2 

.ii 

0 . c. 

3.6 

1.8 1. 

8 111.0 

/ 


✓ 

/ 

/ 

/ 


EEAM 

PE 1C2 

ICC 

1C 3 

P3 

/ 

4 

2C2 

IOC 

203 

P3 

/ 

ROC 

1C1 

ICC 


P4 

/ 
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201 

IOC 

• 



/ 


1C3 

ICO 

4 



/ 


2C3 

IOC 

• 



/ 


1C3 

2C3 

P5 

TO 116 

216 

/ 


2C3 

104 

*2 

215 

116 

BY 2 2 / 


1C4 

2C5 

•2 

114 

215 

•* / 


FCR 

1C01 

FCR 

4C0 

101 

4C1 

FCR 

300 

301 

4C1 

FCR 

2CC1 

FCR 

200 

2C1 

30 

FCR 

ICO 

101 

201 

OATA 



ENC ELEMENT CAT# 

EMC STIFFNESS CAT* 

•/ 

BEGIN BC CAT* 

SET 1 

RETAIN TX TY TZ 
RETAIN TX TV 
SLPFCRT ALL FCR 
SET 2 

RETAIN TX TY 
SUPPORT ALL FOR 
SET 3 

RETAIN TX TY TZ 
RETAIN TX TY 
SUPPORT ALL FCR 
SET 4 

RETAIN TX TY 
SUPPORT ALL FCR 
END BC OATA 
*/ 

BEGIN MASS CATA 
SET l 

BEGIN CONCITICN OATA 
STAGE 1 CCNOITION 

ENC CONCITICN CATA 
ENO MASS CATA 
BEGIN MASS CATA 
SET 2 

BEGIN CONCITICN OATA 
STAGE 1 CCNCITICN 

ENC CONCITICN CATA 
ENC MASS CATA 
BEGIN MASS CATA 
SET 3 

BEGIN CONCITICN OATA 
STAGE 1 CCNCITICN 

ENC CONCITICN CATA 
ENC MASS CATA 
BEGIN MASS CATA 
SET 4 

BEGIN CONCITICN CATA 
STAGE 1 CCNCITICN 

ENC CONCITION CATA 
ENC MASS CATA 
*/ 

BEGIN LOACS CATA 
SET 1 

BEGIN NCCAL LCAC CATA 
CASE 1 
CROER 
ICC! 

ENC NODAL LG AC OATA 
SET 3 

BEGIN NOCAL LCAC CATA 
CASE 1 
CRCER 
20C1 

ENC NCCAL LCAC CATA 
ENC LOACS CATA 
*/ 

BEGIN SUBSET 06FINITICN 
SUBSETS OF STIFFNESS SET 
El * ALL 
E6 * El 

Nl « 1CCI TC 1CC3 
£5 * OPEN IN Nl 


TC 1003 


TC 2003 


FX FY FZ 
TC 1C03 


FX FY FZ 
TC 2C03 


10CC0.0 •» 20000.0 


10 C 00.0 ♦» 20000.0 


/ 

/ 

/ 

/ 

/ 

/ 

✓ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

f 

t 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

✓ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

✓ 

✓ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

t 

t 
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EXCLUCE E5 FRGH £6 
N2 « ALL 

SUBSETS Of STIFFNESS SET 2 
EX = ALL 
Nl » ALL 

SUBSETS CF STIFFNESS SET 3 
El * ALL 
Nl « ALL 

SUBSETS CF STIFFNESS SET 4 
El * ALL 
Nl » ALL 

ENC SUBSET CEFINITICN 
BEGIN INTERACT CATA 

CEFINE SS 1 AS SET 1 STAGE 1 

CEFINF SS 2 AS SET 2 STAGE l 

CEFINfc SS 2 AS SET 3 STAGE 1 

CEFINE SS 4 AS SET 4 STAGE 1 

SS 5 

INTERACT 1234 
8EGIN eC CFANGES 
SS 0 


REFERENCE SS 1 


RETAIN TX TV 

FCR 

102 

TO 

116 

♦ 4 


<•02 

TO 

416 

*4 


1 2 



REFERENCE SS 3 





RETAIN TX TY 

FCR 

202 

TO 

216 

*4 


302 

TO 

316 

ENC eC CHANGES 





CEFINE HIGHEST SS 5 AS 

SET 

5 




ENO INTERACT CATA 
ENC FRCBLEN CATA 


/ 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

I 

/ T 

/ 

/ 

/ 

/ 

/ 


i 

i 
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Table 201-1. Comparison of Natural Frequencies 
for Transmission Tower 


(1) 

Frequency (Hertz) 

{*») 

Mode 

(2) 

(3) 

(2) 

Number 

NASTRAN 

ATLAS 

<*> 

1 

7.783 87 

7.813 51 

0.4 

2 

7.851 53 

7.855 62 

0.4 

3 


9V » OJ4 9 

JT j 

4 

10.294 0 

10.834 8 

5.3 

5 

10.320 3 

10.862 8 

5.3 
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Figure 201-1. Transmission Tower 
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Figure 201-3- Substructure Interaction Tree,Transmi ss i on Tower 




202. STRESS, VIBRATION AND FLUTTER ANALYSES OF A DELTA WING 

(DECK 10) 


202.1 DESCRIPTION OF ANALYSES 

Three analyses of a 45° delta wing are performed in this 
demonstration problem: 

• Normal mode analysis for syimetric modes 

• Flutter analysis using symmetric modes and DUBLAT 
aerodynamics 

• Stress analysis of a cantilever wing subject ■ .o 
pressure loading 

The structure being analyzed is a small-scale structural 
model of a delta wing as described in reference 202-1. The ATLAS 
structural model is comprised of mid-surface nodes with SPAR and 
COVER elements. Because the structure is symmetric about the 
plane Y=0 only one-half of the structure is modelled. A plan 
view of the structural model is shown in figure 202-1. The same 
structural model is used for each of the three analyses. 

202.1.1 Normal Mode Analysis 

The mass model consists of the mass of the stiffness finite 
elements plus SCALAR mass finite elements representing the 
concentrated weights described in reference 202-1. A diagonal 
mass matrix is produced directly by the Mass Processor. Hie 
panels for which weights are calculated are shown in figure 202- 
2 . 


Boundary conditions are applied to the plane Y=0 to enforce 
syranetric behavior. Rigid body translation in the X-direction is 
eliminated by supporting TX at node 195. All Z-direction 
translational freedoms are retained. 

The Vibration Processor is executed using reduced stiffness 
and mass matrices. All natural frequencies and mode shapes are 
calculated. 


202.1 



202.1.2 Flutter Analysis 


The first seven vibration inodes obtained in the first part of 
this demonstration problem are used together with DUBIAT 
aerodynamics to obtain flutter speeds. The Doublet Lattice box 
grid is shown in figure 202-3 along with a flow chart of the 
flutter analysis. 

202.1.3 Stress Analysis 

Pressure loading is applied as element loads uniformly 
distributed over each COVER. The pressure magnitudes vary from a 
maximui at ¥*16 to a minimum at the wing tip. All freedoms are 
supported in the plane Y=0. 

202.2 RE SUL'. 3 

202.2.1 Normal Mode Analysis 

The mass of the ATLAS model is compared to the experimentally 
obtained value in table 202-1. Natural frequencies of the five 
lowest symmetrical modes from ATLAS are compared with 
experimentally obtained values in table 202-2. The first mode 
shape along spar 2 from this analysis is compared to the shape 
given in reference 202-1 in figure 202-4. 

202.2.2 Flutter Analysis 

The results of the flutter analysis are presented as velocity 
vs. damping (V-g) and velocity vs. frequency (V-f) plots in 
figures 202-5 and 202-6. 

202.2.3 Stress Analysis 

Contour plots of upper surface stresses are presented in 
figure 202-7. Lower surface stresses are equal in magnitude and 
opposite in sign because of the structural sy nine try and the 
loading antisymmetry about the wing mid-surface. 
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202.3 


LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CONTROL PROGRAM DEMON) 

PROBLEM ICtCEMOlO - STRESS/FLUTTER ANALYSES OP A DELTA WING) 

PURPOSE THE PRINCIPAL ATLAS CAPABILITIES DEMONSTRATED BY 

THIS DECK ARE 

1. NORMAL MODE ANALYSIS 

2. PLOI OF VIBRATION MOOE SHAPE 

3. FLUTTER ANALYSIS - OUSLAT AERODYNAMICS 

4. V-G AND V-F PLOTS 

5. STRESS ANALYSIS 

6. STRESS CONTOUR PLOTS 

AUTHOR F.P.GRAV 


CORE I30K (OCTAL) 

METHOD THE SYSTEM IS EXECUTEO TO DEMONSTRATE THE 

PROCEDURE TO OBTAIN STRESSES. 01 SPLACeNENTS. AND A 
FLUTTER SOLUTION FOR A DELTA NING. 


M.M 


THIS OECK DEMONSTRATES AN ATLAS ANALYSIS OF THE 45 DEGREE 
DELTA WING OESCRIBED IN NACA TN 3999. 

THE PROBLEM TO BE EXECUTED CONTAINS 

117 STRUCTURAL NODES 
154 SPAR ELEMENTS 
102 COVER ELEMENTS 


READ INPUT 

PRINT THE STIFFNESS AND LOADS INPUT DATA. PLOT GEOMETRY. 

PRINT INPUT INODAl, SUBSETS. NI-INPUT.N2I 
PRINT INPUT ISTIFFNESS. SUBSETS. E10.E20.E30) 

PRINT INPUTILOADS. STAGE-2) 

EXECUTE EXTRACT(EXNAME-NACA1,LSUB-KGRID.ESUB-E10.NSUB-N1) 

EXECUTE GRAPHICSIGNAHE-PLANVIEM.OFFLINE-CALCOMP.TYPE-IORTH, 

X POI NT ) .LABEL -N, SC ALE-. 05. VI Eh- 100. EX NAME -NACA I ) 

EXECUTE EXTRACT ( EXNAME-NAC A2 , LSUB-KGR ID. ESUB-E25.NSUB-N2 5) 

EXECUTE GRAPHICS! GNAME-AE ARS PAR, TYPE-0RTH,IA8EL»N»E. SCALE-. 10, 

X V I EM- 1000000. EXNAME -NACA2 I 

GENEPATE THE REDUCED STIFFNESS MATRIX. 

PERFORM K-RECUCE 
PRINT INPUT ( BC) 

GENERATE AND PRINT THE DIAGONAL MASS MATRIX.PANEL WEIGHT 
MATRIX. AND HEIGHT STATEMENT. 

EXECUTE MASS (OPTION-21 

PRINT OUTPUT I MASS, STATEMENT, SUMMARY , MDC-MOC****) 

GENERATE ANO PRINT THE MODE S, FREOUENCI ES, GENERAL 1 ZED MASS. AND 
GENERALIZED STIFFNESS. PRODUCE MODE SHAPE PLOT. 

EXECUTE VIBRATI0NISTIF-KRED.MASS-M0C001A.NM00ES-7, SUBSETS- INI, 

X N291) 
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PRINT OUTPUT! VlBRAnON.SUBSETS-INl.N29l I 

EXECUTE EXTRACT!EXNAME>SPAR2.LSUB-VnOD£»V$ET-l.NSUB-N29,MOOE*3. 

X BSUB-0N2) 

EXECUT E GRAPH ICS ( GNAME-MQDE S • TV PE -OATH. SCAL E». 1 . VX— l. , 

X VECTOA2-VHOOE,VSCALE»60.,SXNAHE«SPAR2» 

GENERATE (PRINT .AND BLOT THE FLUTTER DATA. 

EXECUTE INTERPOLATION INA-!SURFSPLlNE,CMOO).0OF»10O0 l 
EXECUTE DUaLAT(C0KD-L.MACH-.5,KVAL-!35.0.L<>.2,5.0,2.2.1.0). 

1 BREF-l 12*0) 

EXECUTE ADOINTilO«FCHCK.INT,DU8LAT.IGAIN«9.NACH«.5) 

EXECUTE FLUTTER IGAFID-FCHCK) 

PRINT OUTPUTI FLUTTERI 

EXECUTE EXTRACT! EXNANE-FC A SE 1 .L SU8« VGVF I 

EXECUTE GRAPHICS! GNAME-FLUTTEP. TYPE-GRAPH, SIZE*! 10, 10). 

X X-V.YI*G,Y2»F,XM1N-J.,XHAX«3000..Y1HIN— .2, 

X V2MI N-Q. , Y1HAX-. 1 . Y2MAX-200. , EXNANE-FCASSi I 

GENERATE AND PRINT THE ELENENT STRESSES. NOOAL DISPLACEMENTS, 
ANC REACTIONS. PLOT STRESS CONTOURS. 

PERFORM STRESSISTAGE«2,00«tS]) 

PRINT OUTPUT! STRESSES, STAGE-2) 

PRINT OUTPUT IOISP LACE .STAGE-2) 

PRINT OUTPUTIREACTIONS. STAGE-2, R3-R31.E0CHK) 

EXECUTE EXTRACT! EXNAME-NAC A3 »LSU8- STRESS «ESUd-E 10, NSUB-N1 , 

X STAGE -2, 8 SUB -ON 1 ) 

EXECUTE GRAPHICS ( GNAM E-CONTOURS* TYPE-CONTOUR »$ 1ZE-1 13.15), 

X SCALAR-COVSIGHAIU.FLEV— 250.,LLEV*0. , 

X INTLEV*25.,EXNAME-NACA3) 

EXECUTE GRAPHICS I GNAME-CONTOURS, TYPE-CONTOUR , S I2E-1 15, 15 ) , 

X SCALAR-C0VSIGHA2U, FLEV*»60. .LLEV-30. , 

X INTLEVvlO. .EXNAME-NACA3 ) 

INDEX THE RANCON ACCESS FILES. 

CALL PRNTCAT 
INOEX FILES 
ENO 


OF 


, ij:: t ~ ft* 
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A 









I 


BEGIN NODAL OATA 


*/ 


STRUCTURAL NOOfcS 



15 

196.0 

0.0 

0. 

0 

2.72 

TO 195 100 

.0 

0.0 

0.0 

2.72 

BY 

15 

/ 

•♦2 

-1 

0.0 

8.0 

010 

0.0 

0-10 

.0 

8.0 

0.0 

0.0 

0 

0 

/ 


1 

196. C 

112.0 

0. 

0 

0.844 

TO 193 





BY 

16 

7 


1 






TO 13 







/ 

♦♦It 

16 






0 15 







/ 

•/ 

AUXILIARY 

panel 

NOOES 









/ 


310 

19 t m 

0. 

0. 

TO 

316 

100. 0. 

0. 






/ 


320 

* 

16. 


•2 

326 

• 16. 

0. 






/ 


330 

* 

26. 


♦ 2 

336 

112. 28. 

0. 






/ 


340 

» 

40. 


• 2 

346 

124. 40. 

0. 






/ 


350 

* 

40. 


*2 

356 

124. 40. 

0. 






/ 


360 

* 

56. 


*2 

364 

140. 56. 

0. 






/ 


370 

* 

72. 


*2 

374 

156. 72. 

0. 






/ 


380 

• 

88. 


•2 

382 

1 72. 88. 

0. 






7 


390 

• 

112. 

0. 










/ 

NCCAL 

OATA 









/ 





BEGIN STIFFNESS OATA 
BEGIN ELEMENT CATA 


• 7 

RIB E 

LEMENTS 








/ 


SPAR 1 

MO 1 15.30 

0.0254 

.01905 

TO 

190, 195 

av 

15, 

15 

/ 


• 2 

14.29 

0*0508 

.03810 

TO 

179, 194 

»* 



/ 


♦ 2 

13.23 

0*1412 

.12 355 

TO 

178, 193 

•» 



/ 


♦ 2 

12.27 

0*0508 

. C3810 

TO 

162,177 

•» 



/ 

*♦9 

0.0 

-i.-l 

010 

.0 

3 

-16, -16 

o. 

0.0 


/ 


♦ 2 

2.17 

♦2 







/ 

*/ 

SPAR 

ELEMENTS 








/ 


SPAR 

1 2 

0.0695 C 

1.201362 

TO 

3 4 




/ 


♦ 

4 5 

0.0695 C 

1.474579 

TO 

14 15 




/ 


• 

49 SO 

0.0701 C 

1.477268 

TO 

59 60 




/ 


• 

97 98 

0.0718 ] 

,.498695 

TO 

104 105 




/ 


* 

145 146 

0.0723 C 

1. 205 169 

TO 

149 150 




/ 


• 

153 154 

0.0706 C 

1.039597 

TO 

194 195 




7 


• 

1 17 

0.0706 C 

1.039597 

TO 

177 193 

BY 

16 

16 

/ 

• / 

COVER 

ELEMENTS 








/ 


COVER 

N 100 l 1 

2 17 ( 

1.0696 0. 

0281 

0. TO N1166 

177 

178 193 




BY N15 16 

16 16 







/ 


COVER 

N1002 2 

3 18 17 0.0696 0. 

0281 

0. TC NIO 1 4 

14 

15 30 29 

/ 

♦ ♦11 

0 

15 16 

• *3 C 

1 . 0 . 


0 . 0 

14 

15 

♦» J 

7 


ENC ELEMENT CATA 
END STIFFNESS DATA 

♦ / 

BEGIN bC OATA 
STAGE 1 

RETAIN TZ FUR l TO 195 
SUPPORT TX FCR 145 

SUPPORT ASYM IN SURFACE 2 THROUGH 15 
STAGE 2 

SUPPORT ALL FOR 15 TO 195 8Y 15 
ENO SC OATA 

• / 


BEGIN MASS CATA 

BEGIN MASS ELEMENT OATA 


SCALAR 

F2 

N00E002 

2 

SCALAR 

F2 

NU0EC03 

3 

SCALAR 

F2 

NODE 004 

4 

SCALAR 

F2 

N0DE005 

5 

SCALAR 

F2 

NCDE006 

o 

SCALAR 

F2 

NO0EO07 

7 

SCALAR 

F2 

N03E008 

8 

SCALAR 

F2 

N00t009 

5 

SCALAR 

F2 

N00E010 

10 

SCALAR 

F2 

NOOEOll 

11 

SCALAk 

F2 

N00E012 

12 

scalar 

F2 

N00E013 

13 

SCALAR 

F2 

NOOcO 1-* 

14 

SCALAR 

F2 

N0DE015 

15 

SCALAR 

F2 

NOO t 0 1 7 

1 7 

SCALAR 

F2 

N03t 033 

33 

SCALAR 

F2 

NU0EC49 

49 

scalar 

F2 

N0DE050 

50 

SCALAR 

F2 

N0DE051 

51 


/ 

/ 

.003 / 

.003 / 

.003 / 

.008 / 

.009 7 

.012 / 

. 01 A / 

.01 7 / 

.o:o / 

.022 / 

.02 5 / 

.05 8 / 

.026 / 

.013 / 

.003 / 

.003 7 

.003 / 

.008 7 

• 009 / 


.’ 02.5 


SCALAR 

P2 

NOOE'52 

52 

.012 

SCALAR 

72 

NOD EOS 3 

53 

.014 

SCALAR 

F2 

N00E054 

54 

.017 

SCALAR 

F2 

N0DE055 

55 

.020 

SCALAR 

F2 

NOOEOSo 

56 

.022 

SCALAR 

F2 

NODE057 

57 

.025 

SCALAR 

F2 

N00E058 

5B 

.058 

SCALAR 

F2 

NU0E059 

SS 

.026 

SCALAR 

F2 

NO0E06O 

60 

.013 

SCALAR 

F 2 

N00EO65 

65 

.004 

SCALAR 

F2 

N0DE081 

61 

.004 

SCALAR 

F2 

NODE 097 

97 

.006 

SCALAR 

F2 

N0DE09tt 

98 

.014 

SCALAR 

F2 

NODE 099 

99 

.017 

SCALAR 

F2 

NODE 100 

100 

.020 

SCALAR 

F2 

N00E101 

101 

.022 

SCALAR 

F2 

NODE 102 

102 

.025 

SCALAR 

F2 

NU05103 

103 

.058 

SCALAR 

F2 

NO0E104 

104 

.026 

SCALAR 

F2 

NODE 105 

105 

.013 

SCALAR 

F2 

NODE 113 

113 

.006 

SCALAR 

F2 

NOOE129 

129 

.007 

SCALAR 

F2 

NODE 145 

145 

.008 

SCALAR 

F2 

NODE 146 

146 

.008 

SCALAR 

F2 

NOOE147 

147 

.010 

SCALAR 

F2 

NOOE146 

14b 

.020 

SCALAR 

F2 

NODE 149 

149 

.010 

SCALAR 

F2 

NO0E15O 

150 

.005 

SCALAR 

F2 

N0CE161 

lbl 

.008 

SCALAR 

F2 

NODE 177 

177 

.010 

SCALAR 

F2 

N00E19J 

19 3 

.238 

SCALAR 

F2 

NOOE194 

194 

.010 

SCALAR 

F2 

NOOE195 

195 

.2445 

ENO MASS ELEMENT OATA 



9EGIN CONCITIQN 

OATA 



STAGE 1 

CONOITION 1 



PANEL CATA 1 

CONOITION 2 



ENk CONOITION CATA 



BEGIN PANEL 

OATA l 



1 315 

316 

326 325 TO 

6 8V 

1 -1 *> 

•♦2 6 10 

10 

10 10 0 

6 0 

•*5 

19 353 

354 

364 363 TO 

22 •• 


•♦l 4 10 

10 

10 10 0 

4 0 

•*5 

27 372 

374 

382 381 TO 

28 BY 

1 -2 

29 380 

282 

390 




•1 -l 


ENC PANEL QATA 
BEGIN LABEL DATA 


END LABEL OATA 
ENO MASS OATA 
BEGIN LOADS CATA 
STAGE 2 

LOAD CASE 10 AIRLQAO •♦PRESSURE 
BEGIN ELEMENT LOAD OATA 
CASE AIRLOAO 

OIRECT ION GLOBAL 0. 0. L. 

101 A TO 1 163 BY l* .2 

1013 TO 1167 BY 14 .IS 

1012 TO 1166 BY 14 .10 

•♦10 -l 0 -15 0 0 -.01 

1001 .005 

ENC ELEMENT LOAO OATA 
ENO LOADS DATA 


LOAO ON ENTIRE MING SURFACE# 


/ 

/ 

7 

7 

7 

/ 

/ 

/ 

/ 

7 

/ 

/ 

7 

7 

7 

7 

7 

r 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

7 

/ 

7 

7 

/ 

7 

/ 

/ 

/ 

/ 

/ 

7 

/ 

7 

/ 

/ 

7 

7 

7 

/ 

7 


LEVEL l 

• * 

TOTAL MING STRUCTURE 

# 

7 

EK1Q 

• # 

COVER MATERIAL 

♦ 

7 

EK30 

• ♦ 

RIB MATERIAL 

♦ 

7 

LEVEL2 

• * 

SPAR MATERIAL 

• 

7 

EK21 

• * 

SPAR 1 IFS) 

• 

7 

EK22 

• * 

SPAR 2 

« 

7 

EK23 

• ♦ 

SPAR 3 

* 

7 

EK24 

• ♦ 

SPAR 4 

• 

7 

ER25 

• * 

SPAR 5 (RS) 

• 

7 
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BEGIN SUBSET DEFINITION / 

SUBSETS OF STIFFNESS SET 1 / 

*/ SUBSETS OF ALL STRUCTURAL NODES AND E. ENENTS / 

El » ALL / 

NL - ALL / 

N2 « 300 TO A 00 / 

EXCLUCE N2 FROM N1 / 

• / SUBSET OF ALL COVER ELEMENTS / 

E10 « COVERS / 

• / SUBSETS OF ELEMENTS FOR THE wlNG SPARS / 

N21 * 1 TO 193 BV 16 19A 195 / 

E21 « IN N21 / 

E22 « SLAB X 12A* 0 / 

• A3 1 0 0 0 2AiO / 

N25 » NOOES IN ECS / 

•/ SUBSET OF ALL MING SPARS / 

E20 * E21 U E22 U E23 U E2A U E25 / 

•/ SUBSET OF ALL SPAR ELEMENTS / 

E100 * SPARS / 

•/ SUBSET OF ALL MING RIBS / 

E30 * ElUO / 

EXCLUDE E20 / 

•/ RETAINEC NOOES ON SOAR 2 / 

N29 ■ AS TO 60 / 

•/ BOUNDARY SUBSET FCR STRESS CONTOUR PLOTS / 

ONI - 1 TO 15, 3d TO 195 BY IS. 19A, 193 To 17 BY ~U / 

•S SUBSET FCR MOOE SHAPE PLOT / 

0N2 » A9 *«llAl / 

ENC SUBSET DEFINITION / 

BEGIN FLUTTER OATA / 

CASE 1 M NACA DELTA hiNG * / 

ALTITUDE 500.0 / 

END FLUTTER OATA / 

•/ / 

BEGIN OUBLAT DATA / 

BEGIN GEOMETRY OATA / 

LIFTING SURFACE OATA / 

PANEL WING1 100.0 196.0 100.0 196.0 0. 16.0 0. 0. / 

CHORD DIV 0. 0.1 0.2 0.3 O.A 0.5 0.6 0.7 0.8 0.9 1.0 ' t 

SPAN DIV 0. 1.0 / 

PANEL V.ING2 100.0 196.0 190.0 196.0 16.0 112.0 0. 0. / 

CHORD DIV 0. 0.1 0.3 0.3 O.A 0.5 0.6 0.7 O.B 0.9 1.0 / 

SPAN CIV 0. 0.1 0.2 0.3 O.A 0.5 0.57 0.6A 0.7 0.75 O.B 

0.85 0.88 0.92 0.95 0.98 1.0 / 

ENO GEOMETRY DATA / 

BEGIN SUBSET OATA / 

SUBSETS OF BOXES / 

SUBSET SS l TO 170 / 

ENO SUBSET OATA / 

BEGIN MODAL DATA / 

USE CMOO MITH LIFTING SURFACE SS / 

ENC NOCAL DATA / 

END DUBLAT OATA / 

END PROBLEM DATA / 
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Table 202-1. 


Hass Comparison for 
Delta Wing 


Experimental 
(ref. 202-1) 

185*330 kg (408.583 lb) 

ATLAS 

185.298 kg (408.514 lb) 
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Table 202-2. Comparison of Natural Frequencies 
for Symmetric Modes of Delta Wing 


CD 

Frequency 

(Hertz) 

(D 

Mode 

«2> 

(3) 

(3)-(2) inn 
(2) X '°° 


Experimental 
(ref. 202-1) 

ATLAS 

<*> 

1 

43.3 

47.7 

10.2 

2 

88.8 

91.4 

2.9 

3 

122.8 

127.5 

3.8 

4 

164.2 

169.0 

2.9 

5 

179.7 

191.4 

0.9 




















































































AIRLOAD PANELS 


Figure 202-2. Delta Wing Weights Panels 
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Figure 202-3« Flutter Analysis of Delta Wing 
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EXPERIMENTAL 



FREQUENCY = 47 .704 HERTZ 


Figure 202-4. First Flexible Mode Shape along Spar 2 of Delta Wing 
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Figure 202-5. Flutter V-g Plot, Delta Wing 
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SIGMAIU 


SIGMA2U 


Figure 202-7 
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Delta Wing Upper Surface Stress Contours - Pressure Loading 
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203. STRESS AND VIBRATION ANALYSES OP AN SST AIRCRAFT 

(DECK 2) 


203.1 DESCRIPTION OF ANALYSES 

An SST aircraft is analyzed to obtain symmetric vibration 
nudes and stresses due to pressure loads applied to the wings. 
Because of structural symmetry only one half of the aircraft is 
modelled. 

The stiffness finite element model is shown in figure 203-1. 
Mid-surface nodes with SPAR and COVH* elements are used for the 
wing, wing fin and horizontal tail. The body is modelled with 
BEAM elements the properties of which are shown in figure 203-2. 
Mass is obtained from the stiffness finite elements. 

203.1.1 Vibration Analysis 

Symmetric boundary conditions are applied in the plane Y=0. 
The degrees of freedom retained in the normal mode analysis are 
shown in figure 203-3. Rotational degrees of freedom are 
retained only at control surfaces. Rigid body translation in the 
X-direction is eliminated by supporting TX at the aftmost body 
node. The pitching and Z -translation rigid body modes are 
included in the analysis. 

The analysis is performed using a reduced stiffness matrix 
and a reduced mass matrix obtained by Guyan reduction of the 
merged elemental mass matrices. 

203.1.2 S tress Analysis 

Symmetric boundary conditions are applied in the plane Y=0. 
Rigid body motions are eliminated by supporting X and Z-direction 
translations and rotation about the Y axis at the aftmost body 
node. The pressure loading is simulated with nodal loads. 

203.2 RESULTS 

Natural frequencies of the first eight modes are given in 
table 203-1. The third mode shape is shown in figure 203-4; this 
is the first flexible mode. 
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oooooc* finooooonoo 


203 


3 LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CONTROL PROGRAM DEMOO 2 

PROBLEM I 01 0EMOO2 - STRESS/VIBRATION ANALYSES OF AN SSTI 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATE!) BY 

THIS OECK ARE 

1. STRESS ANALYSIS 

2. NORMAL NCOS ANALYSIS 

3. ELEMENT PROPERTY PLOTS 

A. VIBRATION MODE SHAPE PLOTS 

AUTHOR R.A. SAMUEL 


CORE 150K I OCTAL) 

METHOD THE RESULTS OBTAINEO FROM THIS OECK SHOULO BE THE 

SAME AS THOSE FROM OECK OEMOOl. 


READ INPUT 

PRINT INPUT (NODAL) 

PRINT INPUTISUFFNESS) 

EXECUTE EXThACTIEXNAME-GEOM.LSUB-KGRIO.ESUB-EL.NSUB-NL) 

EXECUTE GK APH ICS ( GNAME* GEOMETRY* OF FLlNE*CALCONP t TYPE* I ORTH ( 

X POINT) .SIZE-120. ,20.), RZ-3O..RX-0..KY-20.. 

X EXNAME-GEON) 

EXECUTE EXTRACT (EXNAME*PROPS»LSU8*KPROP.ESUB*E2.NSUB*N2) 

EXECUTE GRAPHICS(GNAME-BOOY.TYPE=OftTH. SIZE-1 10,101* 

X SC AL AR-BM I 2(1) , S SCALE* *002 . EXNAME- PROPS) 

EXECUTE GRAPHICSIGNAME*BODY*TYPE*ORTH,S1ZE*(10,10), 

X SCALAR<BMA( 1) . SSCALE-S. .EXNAME* PROPS) 

PERFORM RECUCE 
PRINT INPUT (BC) 

EXECUTE VIBRATION I ST IF-KREO.NASS-MREO.NFREQS-B) 

PRINT OUTPUT (VIBRATION) 

EXECUTE EXTRACT I EXNAME-MOOE3.LSUB-VMOOE. VSET- 1 , MODE-3. BSU3-0N1 ) 
EXECUTE GRAPHIC S1GNAME- VNODES. TVPE-ORTH* SI ZE-I 20, 20), 

X RX-0.,R2*2O.,RY-2O.,VECTOR2*VMO0E,VSCALE*10O., 

X EXNA ME-MO0E3) 

PURGE FILES(STIFRKF,MEFGRNF.MASSRNF,HULTRNF,CHOLRNF,VIoRRNF) 
PERFORM STRESS! STAGE-2) 

PRINT 1NPUTIBC, STAGE-2) 

PRINT OUT rt .ILOAOS, STAGE-2) 

PRINT OUTPUTISTRESS. STAGE-2) 

PRINT OUTPUTIOISP, STAGE-2) 

PRINT OUTPUT! REACT IONS, STAGE-2, E9CHK) 

END CONTROL PROGRAM 
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*/ NODE 2 / 

BEGIN NOOAL OAT A 


•/ 


•/ BOOT NOOES 
•/ 




1 

20. 

0. 

0. 


TO 



27 

1060. 

0. 

0. 

30.0 

TO 


•♦I 

200 

0. 

AS. 

0. 

0. 

0 



AS 





TO 


•♦l 

200 





0 



ss 





TO 


•♦1 

200 





0 



AS 

2580. 

0. 

0. 


TO 



79 

31*0. 

0. 

0. 

3.0 



•♦1 

200 

0. 

65. 


»• 




ai 

3220. 

0. 

0. 

6.5 



•♦l 

200 

0. 

65. 


•6 




83 

3300. 

0. 

0. 

7.0 



•♦I 

200 

0. 

A5. 


•* 




85 

3380. 

0. 

0. 

2.0 



•♦1 

200 

0. 

65. 


** 




67 

3*60. 

0 . 

0 . 





89 

35*0. 

0. 

0. 



«/ 








6/ 

MING 

i NODES 





6/ 










*27 

1060. 

o5. 

0. 

30.0 

TO 



*35 





TO 



**5 





TO 



*55 





TO 



635 

1380. 

180. 

0. 

17.5 

TO 



6*1 





TO 



655 





TO 



8*1 

1620. 

265. 

0. 

10.0 

TO 



8*7 





TO 



655 





TO 



10*7 

1971. 

380. 

0. 

9.0 

TO 



1051 





TO 



1059 





TO 



1251 

2205. 

*55. 

0. 

8.5 

TO 



125* 





TO 



1259 





TO 



1*5* 

2*09. 

538. 

0 . 

6.5 

TO 



1*56 





TO 



1*59 





TO 



1656 

25*5. 

59*. 

0 . 

5.0 

TO 



1658 





TO 



1853 

2710. 

680. 

0 . 

3.0 

TO 



1860 





TO 

*/ 








*/ 

MING 

1 TRAILING EDGE NODES 



•/ 










3001 

2500. 

65. 

0 . 

13.5 

TO 



3101 

2500. 

160. 

0 . 

13.0 

TO 



3201 

2500. 

265. 

0 . 

12. 5 

TO 



3305 

2830. 

538. 

0 . 

1.0 

TO 

•/ 








6/ 

MING FIN 

NOOES 





*/ 









REC NINGFIN 

0. 59* 

. 0 

.. 1. ! 

59*. 



2056 

25*5. 

.1 

0 . 

3.5 

TO 



2056 

2625. 

.1 

0. 

3.5 

TO 



2061 

27*5. 

.1 

0. 

*.0 

TO 



2063 

2825. 

.1 

0 . 

*.0 

TO 


*/ 

•/ HORIZONTAL TAIL NOOES 
*/ 


25 

9F . 

0. 

0. 


6V 

2 

*5 

1780. 

0. 

0. 

*2.5 

8 V 

2 

200 

0. 

65. 



• • 


55 

2180. 

0. 

0. 

31.0 

BY 

2 

200 

0. 

65. 



•• 


63 

2500. 

0. 

0. 

13.5 

BY 

2 

200 

0. 

65. 



•• 


77 

3060. 

0. 

0. 


8Y 

2 


*35 

1380. 

180. 

0. 

17.5 

3Y 

2 

**5 

1780. 

180. 

0. 

27.5 

BY 

2 

*55 

2180. 

ISO. 

0. 

25.0 

BY 

2 

*63 

2500. 

180. 

0. 

13.0 

8Y 

2 

6*1 

1620. 

265. 

0. 

10.0 

BY 

2 

655 

2180. 

265. 

0. 

22.5 

BY 

2 

663 

2500. 

265. 

0. 

12.5 

BY 

2 

8*7 

1971. 

380. 

0. 

9.0 

BY 

2 

855 

2291. 

380. 

0. 

ir.o 

BY 

2 

663 

2611. 

380. 

0. 

10.0 

BY 

2 

1051 

2205. 

*55. 

0. 

8.5 

BY 

2 

1059 

2525. 

*55. 

0. 

15.0 



1063 

2685. 

*55. 

0. 

8.0 



125* 

2*09. 

538. 

0. 

6.5 



1259 

2609. 

538. 

0. 

11.0 



1263 

2769. 

538. 

0. 

5.S 



1*56 

25*5. 

59*. 

0. 

5.0 



1*59 

2665. 

59*. 

0. 

7.5 



1*63 

2325. 

59*. 

0. 

3.5 



1658 

2710. 

680. 

0. 

3.0 



1663 

2910. 

680. 

0. 

3.0 



1860 

2875. 

765. 

0. 

1.5 



1863 

2995. 

765. 

0. 

2.5 




3005 

2560. 

65. 

0 . 

1.0 

BY 2 

3105 

25d0. 

180. 

0 . 

1.0 

•* 

3205 

2580. 

265. 

0 . 

1.0 

** 

3605 

30*5. 

765. 

0. 

1.0 


8Y 100 

OF 56. 

86. 

85. 




0 . « 0 . 
2*56 

-l. 0. 
2830. 

100. 

0 . 

2.5 

BY 200 

2*58 

28*2. 

100. 

0 . 

3.0 

** 

2*61 

2859. 

100. 

0 . 

3.0 

*• 

2*63 

2870. 

100. 

0. 

3.0 

*• 


RESUME GLOBAL 


279 

TO 

679 

3365. 

200. 

0. 

2.0 

BY 

281 

TO 

6dl 

3388. 

200. 

0. 

2.5 

** 

283 

TO 

683 

3*12. 

200. 

0. 

2.5 

*# 

285 

TO 

685 

3*35. 

200. 

0. 

1.0 

mm 


ENO NOOAL CAT A 
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BEGIN STIFFNESS DATA 
BEGIN PROPERTY OATA 

PI .OS 1. PINING FIN SPARS AND RIBS) 

P2 2. 0. 0. .2 .2 .2 PIPING FIN ATTACHMENT SEANS - TYPE II 

P3 10. 0. 0. 100. 100. 100. PIPING FIN ATTACHMENT BEAMS - TYPE 2) 

PA .15 .50 PICONTROL SURFACE RIBS) 

P5 0. P-2 100. 100. 0. 10. PISEAMS AT ASS RIB TO PICK UP SPARS) 

ENO PROPERTY CATA 
BEGIN ELEMENT CATA 
P/ 

•/ NING FRONT SPAR 
P / 


SPAR 

M5 

N2003 

227 A25 

.12 

2. 





•2 


N2205 

A29 A31 

.12 

2. 

TO 

N2605 

A33 

A 35 ♦ 







BY 

N200 

2 

2 

♦2 


N2B05 

A35 637 

.12 

2. 





•2 


N3007 

637 635 

.12 

2. 

TO 

N3207 

639 

6 A1 ♦ 







BY 

N200 

2 

2 

•2 


N3-.07 

6A1 8A3 

.12 

2. 





•2 


N3609 

8A3 BAS 

.12 

2. 

TO 

N3809 

BAS 

8A7 * 







BY 

N200 

2 

2 

•2 


NAOOS 

8a7 10A5 

.12 

2. 





*2 


NA211 

10A9 1051 


•• 





•2 


NAAll 

1051 1253 


•p 





*2 


NA613 

1253 125A 


•• 





*2 


NA 113 

125A 1A55 


** 





•2 


NA815 

1A55 1AS6 


pp 





*2 


NA915 

1A5& 1657 


•• 





•2 


N5017 

1657 1656 


•p 





*2 


N5117 

1658 1855 


•• 





•2 


NS219 

1859 1860 


*p 





*/ 










•/ WING REAR 

SPAR 








•/ 










SPAR 

H5 

N56U3 

263 A63 

.AO 

12. 





•2 


N5605 

A63 663 

.AO 

12. 





♦2 


N5607 

663 863 

• 3A 

12. 





•2 


N5605 

863 1063 

.3A 

12. 





•2 


N5611 

1063 1263 

.30 

8. 





•2 


N5ol 3 

1263 1A63 

.30 

8. 





•2 


N5615 

1A63 1663 

.30 

A. 





•2 


N5617 

1663 1863 

.30 

A. 





• t 










• / WING INTERMEC I ATE SPARS 







•/ 










SPAR 

M5 

N2203 

229 A25 

.20 

2. 

TO 

N3603 

2A3 

AA3 ♦ 







BY 

N200 

2 

2 

*2 


N3B03 

2A5 AA5 

.36 

2. 





*2 


NA803 

255 A55 

.60 

12. 





*2 


N5003 

257 A57 

.2A 

12. 

TO 

N5A03 

261 

A61 ♦ 







BY 

N200 

2 

2 

*2 


N3005 

A37 637 

.20 

2. 

TO 

N3605 

AA3 

6A3 ♦ 







BY 

N200 

2 

2 

*2 


N3805 

AA5 6A5 

.36 

2. 





P2 


NA005 

AA7 6A7 

.20 

A. 

TO 

NA&05 

A53 

653 ♦ 







BY 

N200 

2 

2 

♦2 


NA805 

ASS 655 

.60 

12. 





*2 


N5005 

A57 o5 7 

.2 A 

12. 

TO 

N5A05 

A61 

661 ♦ 







BY 

N200 

2 

2 

•2 


N3607 

6A3 8A3 

.20 

2. 

TO 

N3807 

6A5 

8A5 ♦ 







BY 

N200 

2 

2 

*2 


NAC07 

6A7 8A7 

.20 

A. 

TO 

NA607 

653 

853 ♦ 







BY 

N200 

2 

2 

*2 


Na807 

655 855 

.20 

a. 





*2 


N5007 

657 857 

.20 

10. 

TO 

N5A07 

661 

861 ♦ 







BY 

N200 

2 

2 

♦ 2 


NA209 

8A9 10A9 

.20 

A. 

TO 

NA609 

853 

1053 ♦ 







BY 

N200 

2 

2 

♦ 2 


NA809 

855 1055 

.20 

8. 





*2 


N5009 

857 1057 

.20 

10. 

TO 

N5A09 

861 

1061 ♦ 







BY 

N200 

2 

2 

*2 


NAbll 

1053 1253 

.12 

A. 

TO 

NAB 1 1 

1055 

1255 ♦ 







BY 

N100 

1 

1 
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POOR QUALITY 



$ 


c 


l 


•£ 


NASH 

1056 

1256 


.00 

4. 

TO 

N5511 

1062 

1262 

♦ 









BV 

N100 


1 

1 


*2 


N4813 

125S 

1455 


.12 

4. 







•2 


N4913 

1256 

1456 


.06 

4. 

TO 

N5513 

1262 

1462 

♦ 









8V 

N100 


1 

1 


•2 


N5015 

1457 

1657 


.06 

2. 

TO 

N551S 

1462 

1662 

♦> 









BV 

NlOO 


1 

1 


•2 


N5217 

1659 

1859 


.06 

2. 

TO 

N5517 

1662 

1862 

♦ 









8V 

NlOO 


1 

1 


•/ 














•/ d ING IN-6CCV 

SPARS 












•/ 














SPAR 

MS 

N2001 

27 

22 7 

1 

.00 

10. 

TO 

N3601 

43 

243 

♦ 









8V 

N200 


2 

2 


•2 


N3801 

45 

245 

1 

.80 

10. 

TO 

N4601 

53 

253 

♦ 









BV 

N200 


2 

2 


•2 


N4801 

SS 

255 

3 

.00 

60. 







*2 


N5001 

57 

257 

1 

.20 

60. 

TO 

N5401 

61 

261 

♦ 









av 

*'2C0 


2 

2 


•2 


N5601 

63 

263 

2 

.00 

60. 







•/ 

*/ MING RISS 
♦/ 














SPAR 

MS 

N600I 

227 

229 


.25 

4. 

TO 

N6035 

261 

263 

4 









BV 

N 2 


2 

2 


•2 


N6109 

436 

437 


.30 

4. 

TO 

N6135 

461 

483 

♦ 









8V 

N2 


2 

2 


•2 


N621S 

641 

643 


.20 

3. 

TO 

N6235 

661 

663 

4* 









av 

N2 


2 

2 


•2 


N6425 

1051 

1053 


.20 

4. 







•2 


N6425 

1053 

1054 


.20 

4. 

TO 

N6435 

1062 

1063 


•2 


N6629 

1456 

1457 


.12 

2. 

TO 

N6635 

1462 

1463 


*2 


N6033 

I860 

1861 


.30 

1.4 

TO 

N6335 

1862 

1863 


*/ 














*/ MING COVERS 













•/ 














COVER 

M5 

N7003 

229 

429 

227 


.06 







•2 


N7203 

229 

42 S 

431 

231 

.06 





TO 

♦ 



N8603 

243 

443 

445 

245 


av 

N200 

2 


3 


•2 


N8803 

245 

445 

447 

247 

.12 

. 

00 



TO 

♦ 



N9603 

253 

453 

455 

255 


3 V 

N200 

2 


•*3 


• 2 


NS803 

255 

455 

457 

257 

.10 

. 

14 





•2 


N10003 

257 

45 7 

459 

259 



• • 





•2 


N10203 

259 

459 

461 

261 

.26 

. 

14 .22 

.00 




•2 


M0403 

2ol 

461 

463 

263 



** 





•2 


N780S 

437 

637 

435 


.06 







•2 


N8005 

437 

637 

639 

439 

.06 





TO 

4 



N9605 

453 

653 

655 

455 


av 

N200 

2 


*=3 


*2 


NS 80 5 

455 

655 

657 

457 

.10 

* 

14 





•2 


N 10005 

457 

657 

659 

459 


** 





•2 


N10205 

459 

659 

661 

461 

.26 

m 

14 .22 

.00 




•2 


N 10405 

461 

661 

063 

463 



** 





•2 


N8407 

643 

843 

641 


.06 







•2 


N8607 

643 

843 

845 

645 

.06 





TO 

4 



NS607 

653 

853 

855 

655 



N200 

2 


*= 3 


*2 


N9807 

655 

855 

857 

657 

. 10 


08 





•2 


N10007 

657 

857 

859 

659 



• • 





•2 


N 1020 7 

659 

055 

Sol 

661 

.30 

• 

14 .20 

.00 




•2 


M0407 

661 

861 

863 

663 



• • 





•2 


N9C0S 

849 

1045 

847 


.06 







•2 


N9209 

849 

104S 

1051 

851 

.06 





TO 

4 



N9609 

853 

1053 

1055 

855 


a y 

N200 

2 


**3 


*2 


N9809 

855 

1055 

1057 

857 

.10 


08 





•2 


N10005 

c57 

1057 

1059 

359 



• * 





• 2 


N10209 

859 

1059 

1061 

Sol 

.30 


14 .20 

.00 




•2 


N10409 

861 

1061 

1063 

863 



• • 





•2 


NS411 

1053 

1253 

1051 


.30 


14 .22 

.12 




•2 


N961 1 

1053 

1253 

1254 

1054 

.30 


14 .22 

.12 


TO 

4 



N10S11 

1062 

1262 

1263 

1063 


3Y 

NlOO 

1 


* = 3 


•2 


NS713 

1255 

1455 

1254 


.30 


14 .22 

.12 




•2 


N981 3 

1255 

1455 

1456 

1256 

.30 


14 .22 

.12 


TO 

4 



N10513 

1262 

1462 

1463 

1263 


av 

NlOO 

1 


♦ *3 
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•/ 

6 / 

*/ 


*/ 

•/ 

*/ 


*/ 

*/ 


*/ 

*/ 

*/ 


*/ 

»/ 

*/ 


•/ 

*/ 

•/ 


*/ 

*/ 

*/ 


*2 


N9915 

1457 

1657 

1456 


.08 

•2 


N1001S 

1457 

1657 

1658 

1458 

.08 



N10515 

1462 

1662 

1663 

1463 


•2 


N101 1 7 

1659 

1859 

1658 


.08 

•2 


N 1021 7 

1659 

1859 

i860 

1660 

.08 



N10S17 

1662 

1862 

1863 

1663 


WING IN-BOCY COVERS 






COVER 

N5 

N7001 

27 

227 

229 

29 

.30 



N8601 

43 

243 

245 

45 


*2 


N8801 

45 

245 

247 

47 

.60 



N9601 

53 

253 

255 

55 


•2 


N9U01 

55 

255 

257 

57 

.70 

•2 


N 10001 

57 

257 

259 

59 

.70 

*2 


N10201 

59 

259 

261 

61 

1.30 

•2 


N 10401 

61 

261 

263 

63 


MING F IN 

SPARS 






SPAR 

H5 

N 1 100 1 

2056 

2256 


PI 


*2 


N11003 

2256 

245a 


• 


•2 


N 11201 

2058 

2258 


• 


*2 


N11203 

2258 

2458 


* 


*2 


N11501 

2061 

2261 


• 


•2 


N11503 

2262 

2461 


• 


*2 


Ml 701 

20o3 

2263 


* 


•2 


N11703 

2263 

2463 


• 


MING FIN 

RIBS 







SPAR 

N5 

N 12001 

2256 

2258 


PI 


•2 


N12003 

2258 

2261 


* 


*2 


N12005 

2261 

22o 3 


• 


•2 


N 12201 

2456 

2458 


• 


•2 


N12203 

2458 

2461 


* 


*2 


N12205 

2461 

2463 


• 


mING FIN 

COVERS 






COVER 

H5 

N 13001 

2056 

2256 

2258 

2058 

.05 

*2 


N 13003 

2058 

2258 

2261 

2061 

* 

•2 


N 13005 

2061 

2261 

2263 

2063 

* 

•2 


N13201 

2256 

2456 

2458 

2258 

* 

*2 


N13203 

2258 

2458 

2461 

2261 

* 

•2 


N13205 

2261 

2461 

2463 

2263 

• 

WING FIN 

ATTACHMENT BEANS 





bcam 

25 

N 20001 

l45o 

2056 

1463 

P2 


»2 


N20003 

1458 

2058 

1463 

• 


•2 


N20005 

1461 

2061 

1463 

• 


•2 


N20007 

1463 

206 3 

1461 

• 


•2 


N21001 

1456 

1456 


P3 


*2 


N21003 

1458 

1461 


• 


*2 


N21005 

1461 

1463 


* 


WING TRAILING 

EDGE CONTROL SURFACE RIBS 


SPAR 

N5 

N101 

263 

3003 


P* 


•♦2 0 

0 

2 

200 

100 


0 


•2 


N102 

3003 

3005 


♦ 


*♦2 0 

0 

2 

100 

100 


0 


•2 


N107 

1263 

3305 


♦ 


•♦3 0 

0 

1 

200 

100 


* 


MING TRAILING 

EOGE CONTROL SURFACE COVERS 


COVER 

N5 

N151 

263 

463 

3103 

3003 

.10 

• 2 


N153 

463 

663 

3203 

3103 

• 

•2 


N152 

3003 

3103 

3105 

3005 

• 

•2 


N154 

3103 

3203 

3205 

3105 

• 

*2 


N1S5 

1263 

1463 

3405 

3305 

• 

•♦2 0 

0 

1 

200 

200 

100 

100 

• 


ay nioo 


av nioo 


dV N200 
BY N200 


*♦ 


TO 

TO 

•*3 


TO 

*«3 

TO 

*»3 


.00 
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•/ 

•/ HORIZONTAL TAIL SPARS 
*/ 


SPAR MS 

N14003 

279 

479 

.10 

1.2 

♦2 

N 14005 

479 

679 


** 

•2 

N14103 

281 

481 

.05 

1.8 

*2 

N14105 

481 

681 


*« 

•2 

N14203 

283 

483 

.05 

1.6 

•2 

N14205 

484 

683 


•» 

*2 

N14303 

285 

485 

.20 

2.6 

•2 

N14305 

485 

685 


** 


*/ 

*/ HORIZONTAL TAIL RIBS 
*/ 


SPAR 

M5 N 14401 

279 

281 

.15 

2.0 

TO 

N14405 

283 

285 

♦ 







BY 

N2 

2 

2 


•2 

N14501 

479 

481 

.10 

1.2 

TO 

N14505 

483 

485 

♦ 







BY 

N2 

2 

2 


•2 

N14601 

679 

681 

.10 

1.2 

TO 

N14605 

683 

685 

♦ 







BY 

N2 

2 

2 



*/ 

*/ HORIZONTAL TAIL IN-BGOY SPARS 

*/ 


SPAR 

M5 N14001 

79 

275 

.50 

6.0 

♦2 

N14101 

81 

281 

.25 

9.0 

•2 

N 14201 

33 

283 

.25 

9.0 

•2 

N14301 

85 

285 

1.00 

13.0 


•/ 

*/ HORIZONTAL TAIL COVERS 
•/ 



COVER 

M5 

N15003 

279 

479 

481 

281 

.16 







•♦2 0 

0 

200 

2 

•* 3 



0. 







COVER 

M5 

N15005 

479 

679 

681 

481 

.07 







*♦2 0 

0 

200 

2 

•*3 



0. 






•/ 














•/ 

HORIZONTAL TAIL IN-600Y 

COVERS 









*/ 

COVER 

M5 

N15001 

79 

279 

281 

81 

• 

03 

o 





TO 




N15401 

83 

283 

285 

85 


BV N200 


2 

• *3 

*/ 














*/ 

80CY BEAMS 












*/ 

BEAM 

M5 

N 100 1 

1 

3 

5. 

0. 

• ■3 

16000. 

10. 

0. 

*=3 

30000. 


•♦30 0 

0 

2 

2 

2 

5. 


♦4 

14000. 

5. 


• 4 

14000 


• 2 


N1063 

63 

65 

160. 


• 4 

450000. 

148. 


• 4 

416000 


•♦12 0 

0 

2 

2 

2 

-12. 


•4 

-34000. 

-12. 


♦ 4 

-34000 

*/ 














•/ 

BEAMS AT 

455 

RIB TO PICK UP 

DISCONTINUED SPARS 






•/ 

BEAM 

M5 

N3G002 

1053 

1054 


P5 








•♦4 0 

0 

2 

2 

2 


♦ 








BEAM 

M5 

N3001 1 

1063 

1062 


P5 








• ♦4 0 

0 

-2 

-2 

-2 


• 








ENC ELEMENT DATA 
ENO STIFFNESS DATA 
BEGIN HASS DATA 
BEGIN MASS ELEMENT OATA 

BEAM 1456 2C56 1463 .1 .1 **3 
BEAM 1458 2C5a 1463 •* 

BEAM 1461 20 1 1 1463 • • 

BEAM 1463 2063 1461 *• 

ENO MASS ELEMENI OATA 
ENO MASS DATA 
BEGIN BC OATA 

STAGE 1 • IFOR VIBRATION ANALYSIS! 

ORCER RETAIN BY INTERNAL 10 
SUPPORT ASYM IN SURFACE 2 
SUPPORT TX FOR 89 

RETAIN TZ FOR l 7 13 19 27 45 55 63 67 73 79 85 39 

RETAIN TZ FOR 227 237 245 255 435 441 445 451 t55 

RETAIN TZ FOR 641 645 649 655 659 847 851 855 859 863 1051 **3»4 

RETAIN TZ FOR 1254 1259 1456 1459 1658 1661 1859 I860 1861 
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DETAIN T Z FOR 3003 300S 3103 3105 3203 3205 
RETAIN T2 FOR 3305 3*05 3505 3605 
RETAIN TZ FOR 275 *79 679 

RETAIN TV FOR 2058 2061 2258 2261 2*58 2*61 

RETAIN TZ RX RV FOR 263 *63 663 1263 1*63 1663 1863 28S *85 685 83 ♦ 
283 *83 683 

STAGE 2 *( FOR STRESS ANALYSIS I 

SUPPORT ASYN IN SURFACE 2 
SUPPORT TX TZ RY FOR 89 
END BC OATA 
BEGIN LOAD OATA 
SET 1 STAGE 2 


LOAD CASE ID SYMN **S YMRE TRIG AIRLOADS* 
BEGIN NODAL LCAO DATA 
OKOER F2 
CASE SYNN 


3 

-2275. 


5 

-6110. 


15 

-*970. 


23 

-3255. 


31 

-2*5. 


39 

-5*0C. 


*5 

-380. 


53 

-3830. 


61 

140. 


67 

-165. 


75 

-6365. 


83 

-3*95. 


87 

-3160. 


85 

-150. 


89 

-150. 


ORDER F Z 

FY 


2056 

-125. 

1220 

2*56 

-IOC. 

1360 

2*58 

-100. 

-*10 

2058 

-125. 

955 

2061 

-125. 

1075 

2*61 

-100. 

7665 

2*63 

-ICO. 

-*960 

2063 

CROER FZ 

-125. 

-660 

*31 

13*75. 


231 

-8500. 


637 

8030. 


237 

-7750. 


2*5 

-11770. 


655 

-*6*C. 


255 

-5330. 


663 

1565. 


263 

5**5. 


8*3 

364C5. 


6*5 

-20790. 


1051 

21130. 


6*9 

3*35. 


1055 

3365. 


1063 

1*35. 


1*56 

13920. 


1*59 

21815. 


1*63 

6155. 


1860 

860. 


1861 

1*395. 


1863 

2762. 


659 

-*S0. 


1059 

-8710. 


1*61 

-106S5. 


1862 

-5190. 


279 

-5060. 


679 

-*0*0. 


681 

-7375. 


281 

-5*15. 


283 

-1620. 
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683 

-865 

685 

-1725 

285 

-3425 


END NODAL LOAD DATA 
ENO LOAD DATA 
BEGIN SUBSET DEFINITION 

SUBSETS OF STIFFNESS SET I 
*/ SUBSETS FOB GEOMETRY PLOTS 
El * ALL 
N1 « ALL 

*/ SUBSETS FOR 300 Y PROPERTY PLOTS 
N2 « 1 TO 89 
E2 « BEAMS IN N2 

•/ SUBSETS FOR STRESS CONTOUR PLOTS 

N10 * TUBE 227 I860 1863 *>8-200 DIRECTION 0 0 I 
Nil - SLAB 2 0. 

N12 > N10 I Nil 
E12 > COVERS IN N12 

0N2 > 227 435 641 847 1051 1254 1456 1658 1859 *>441 


♦ 


•>8-200 *=17-2 
*/ SUBSET FCR VMOOE PLOT 


1 

7 

13 

19 

27 

227 

3105 

31C3 

463 

455 

451 

445 

659 

663 

3203 

3205 

3105 

3103 

847 

1051 

1055 

1059 

1063 

1263 

3305 

1263 

1463 

1663 

1661 

1658 

3405 

35C5 

1663 

1863 

1861 

1860 

641 

435 

227 

27 

45 

55 

1263 

1463 

1459 

205B 

2258 

245 8 

1263 

1063 

663 

663 

463 

263 

89 

85 

285 

485 

685 

683 

285 

283 

279 

479 

483 

485 


ENO SUBSET DEFINITION 
ENO PROBLEM DATA 


237 

245 

255 

263 

3003 

3005 

♦ 

441 

435 

641 

645 

649 

655 

♦ 

463 

663 

863 

859 

855 

851 

♦ 

1259 

1254 

1456 

1459 

1463 

3405 

♦ 

1959 

1860 

1861 

1863 

3605 

3505 

♦ 

ld59 

1653 

1456 

1254 

1051 

847 

♦ 

63 

263 

463 

663 

863 

1063 

♦ 

2461 

2261 

2253 

2261 

2061 

1463 

♦ 

63 

67 

73 

79 

83 

85 

♦ 

o79 

479 

279 

79 

83 

85 

♦ 


VAGINAL 

°F POOR 
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Qualtty 















Figure 203-3. Freedoms Retained in SST Vibration Analysis 
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Figure 203-4. Third Mode Shape, SST 
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204 . SUBSTRUCTURED STRESS AND VIBRATION ANALYSES OF 
AN SST AIRCRAFT (DECK 1) 


204.1 DESCRIPTION OF ANALYSES 

The SST aircraft described in section 203 is analyzed using 
substructures. The same vibration and stress analyses are 
performed. The half -model of section 203 is modelled as three 
substructures: body, wing and horizontal tail as shown in figure 

204-1. These three substructures are interacted in a single step 
to obtain the highest level substructure (substructure 4) . 

204.2 RESULTS 

Natural frequencies, mode shapes, displacements and stresses 
obtained in this problem are identical to those obtained in 
section 203. 
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204.3 LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CONTROL PROGRJM OEMOOl 

PROBLEM I C( OEMOOl - SUBSTRUCTUREO STRESS/V IBRATION ANALYSES) 

PURPOSE THE PRIMARY CAPABILITIES DEMONSTRATED 3Y THIS 

DECK ARE 

l. SUBSTRUCTURED STRESS ANALYSIS 
2o SUBSTRUCTURED VIBRATION ANALYSIS 
3. sxplqoeo PLOT OP MODEL 

AUTHOR R. A. SAMUEL 

CORE 150K (OCTAL) 

METhOO STRESS AND VIBRATION ANA1YSES ARE PERFORMED ON A 

SUBSTRUCTURED HALF- A l R PLANE MODEL OF AN SST. 
DISPLACEMENTS. STRESSES. NATURAL FREQUENCIES AND 
POOE SHAPES ARE COMPARED WITH RESULTS OF A 
NON-SUB STRUCTURED MODEL. 


USER COMMON! 1) 

RE AO INPUT 
DO 10 I - 1.3 

PRINT lNPUT(STIFFNESS.SET-I) 

PRINT INPUT (NODAL. SET-I) 

PRINT INPUT(MASS.SET-II 
10 CONTINUE 

EXECUTE EXTRACTUXNAME-SS1.LSU6-KGRID.6SUB-E1.NSU6-N1) 

EXECUTE EXTRACT ( EXNAME-SS2 , L SUB-XGR 10.RSET-2.E SUB- El , NSU9-N1) 
EXECUTE EXTRACT ( EXNAME-SS3.LSUB-AGR 10. XSET-3. E $U9*E1 .NSUB-N1 ) 
EXECUTE GRAPHICSIGNAME-GEOMEIRY.OFFLINE-CAICOMR.TVPE-IORIm. 

X POINT) .SIIE-I 20., 20.). EXPLODE, R2-30..RY-20., 

X RX-O..EXNAHE-SS1.TY-100..EXNAME-I SS2.SS3) > 

VIBRATION ANALYSIS 

DO 20 I * 1,4, 

PRINT INPUT I INTERACT. SS* I . NODES. RCTAI NS. CONN, BC) 

20 CONTINUE 

00 30 I • 1,3 

EXECUTE STIFF NESSCSET-I) 

EXECUTE MASS C SET- I, OPTION* A, CONDITION-1) 

30 CONTINUE 

PERFORM SS-MERGEISTIF.MASS.SS-l TO 3) 

PERFORM SS-R ECU( ST IF , MASS. SS-1 TO 31 
PERFORM SS-MtRGEISTlF.HASS.SS-A) 

EXECUTE MASS! SET-A, OPT I0N-A.CCN01TI0N-1 ) 

PRINT OUTPUT|HASS,ScT«A, SUMMARY) 

PERFORM SS-VSOL I SS-A) 



EXECUTE VIBRATION ISTIF»KRED004 t HASS«NAE0004,NFREQSM. SET-4* 
PRINT OUTPUT ( VIBRATION! 

PURCE FILES*NERGRNF.MULTRNF. VlBRRNF .MA$SRNF ( CHOLRNF) 

C 

C STRESS ANALYSIS 
C 

DO 40 I • 11.14 

PRINT INPUT! INTERACT. SS*I . NODES. RET AI NS. CONN. BC. LOADS) 

40 CONTINUE 

EXECUTE L0A£$<SS*(11.12.13)) 

PERFORM SS-MERGc t ST IF .LOADS. SS* 11 TO 13) 

PERFORM SS-REOU! STIF. LOADS. SS*ll TO 131 
PERFORM SS-NERCEI STIF. LOADS. SS-14) 

PERFORM SS-SSOLC SS* 14) 

PERFORM SS-PART*SS«14I 
PERFORM SS-BACK ( SS“11 TO 13) 

DO 45 I - 11.13 
EXECUTE STRESS* SS-I I 
45 CONTINUE 

CO SO I > 11*13 

PRINT OUTPUT (OISP.SS*!) 

PRINT OUTPUT* STRESS. SS-I ) 

PRINT CUTPUTILOADS.SS-I) 

PRINT OUTPUT (RE ACT I OKS. SS*1 ) 

SO CONTINUE 

END CONTROL PROGRAM 
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*/ M00E2 / 

3EGIN NODAL OATA 
SET 1 *(800Y) 



1 

20. 

0. 

0. 


TO 

25 

980. 

0. 

0. 


ev 

2 


27 

1060. 

0. 

0. 

30.0 

TO 

45 

1780. 

0. 

0. 

42.5 

av 

2 

•♦1 

200 

0. 

65. 

0. 

0. 

0 

200 

0. 

65. 



•• 



AS 





TO 

55 

2180. 

0. 

0. 

31.0 

BV 

2 

•♦1 

200 





0 

200 

0. 

65. 



• • 



ss 





TO 

63 

2500. 

0. 

0. 

13.5 

8V 

2 

*♦1 

200 





0 

200 

0. 

65. 



• • 



65 

2580. 

0. 

0. 


TO 

77 

3060. 

0. 

0. 


BV 

2 


79 

3140. 

0. 

0 . 

3.0 









♦♦1 

200 

0. 

65. 


• • 










81 

3220. 

0. 

0. 

6.5 









*♦1 

200 

0. 

65. 


•• 










83 

3300. 

0. 

0. 

7.0 









•♦l 

200 

0. 

65. 


•• 










83 

3380. 

0. 

0. 

2.0 









•♦1 

200 

0. 

65. 


•• 










• 87 

3460. 

0. 

0. 











89 

3540. 

0. 

0. 











END NGOAL OATA 
BEGIN STIFFNESS OATA 
BEGIN ELEMENT OATA 

•/ 

•/ BOCV BEAMS 
*/ 



BEAM 

N5 

N1001 

1 

3 

5. 0. 

•«3 16000. 10. 0. 

•»3 30000. 



•♦30 0 

0 

2 

2 

2 

5. 

•4 

14000. 5. 

•4 14000. 



•2 


N1063 

63 

65 

160. 

• 4 

4S0000. 148. 

»4 416000. 



• ♦12 0 

0 

2 

2 

2 

-12. 

•4 

-34000. -12. 

•4 -34000. 


•/ 












*/ 

KING iN-aoov 

SPARS 









•/ 













SPAR 

M3 

N2001 

27 

227 

1.00 

10. 

TO 

N3601 43 

243 

+ 









BV 

N200 2 

2 



•2 


N3801 

45 

245 

1.90 

10. 

TO 

N4601 53 

253 

♦ 









BV 

N200 2 

2 



•2 


N4801 

55 

255 

3.00 

60. 






*2 


N5001 

57 

257 

1.20 

60. 

TO 

N5401 61 

261 

♦ 









BV 

N200 2 

2 



•2 


N5601 

63 

263 

2.00 

60. 





•/ 












• / 

s.o.a. Rie 

- 

WING 









*/ 













SPAR 

M5 

N6001 

227 

229 

.25 

4. 

TO 

N6035 261 

263 

♦ 









BV 

N2 2 

2 


*/ 












*/ 

WING IN-BOCV 

COVERS 









*/ 













COVER 

M5 

N7001 

27 

227 

229 29 

.30 


TO 

♦ 




N8601 

43 

243 

245 45 


BV 

N200 2 

•*3 



•2 


N8801 

45 

245 

247 47 

.60 


TO 

♦ 




N9601 

53 

253 

255 55 


BV 

N200 2 

•■3 



•2 


NS 801 

55 

255 

257 57 

.70 





• 2 


N 10001 

57 

25 7 

259 59 

.70 





•2 


N 10201 

59 

259 

261 61 

1.30 . 

70 1.10 .00 




•2 


N10401 

61 

261 

263 63 


• * 



•f 












*/ 

s.o.a. Rie 

1 - 

HORIZONTAL 

TAIL 








*/ 













SPAR 

M5 

N14401 

279 

281 

.15 

2.1 

3 TO 

N14405 283 

285 

♦ 









BV 

N2 2 

2 


•/ 












*/ 

HORIZONTAL 

TAIL IN-BODV 

SPARS 







•/ 













SPAR 

M5 

N 14001 

79 

279 

.50 

6.1 

3 





•2 


N 1410 1 

81 

281 

.25 

9.1 

3 





• 2 


N14201 

83 

283 

.25 

8.1 

3 





•2 


N14301 

85 

285 

1.00 

13.i 

3 





•/ 
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-i 



•/ HORIZONTAL TAIL IN-BCOY COVERS 
•/ 

COVER R5 N15001 79 279 281 81 .80 TO 

N15401 6) 283 2BS 85 3Y N200 2 A«3 

ENO LLtNENT OAT A 
f NO STIFFNESS OATA 
BEGIN NOOAL OATA 
SET 2 *(nING) 


327 

1060. 

65. 

0. 

30.0 

TO 

34 5 

1780. 

65. 

0. 

42.5 

3 V 

2 

345 





TO 

355 

2180. 

65. 

0. 

31.0 

BY 

2 

355 





TO 

36 3 

2500. 

65. 

0. 

13.5 

9 Y 

2 

427 

1060. 

65. 

0. 

30.0 

TO 

435 

1380. 

180. 

0. 

17.5 

8Y 

2 

435 





TO 

445 

1780. 

180. 

0. 

27.5 

3Y 

2 

445 





TO 

455 

2180. 

ISO. 

0. 

25.0 

3Y 

2 

455 





TO 

463 

2500. 

130. 

0. 

13.0 

9 V 

2 

635 

1380. 

180. 

0. 

17.5 

TO 

641 

1620. 

265. 

0. 

10. 0 

8Y 

2 

641 





TO 

655 

2180. 

265. 

0. 

22.5 

DY 

2 

655 





TO 

663 

2500. 

265. 

0. 

12.5 

3 Y 

2 

841 

Ia20. 

265 . 

0. 

P— 

O 

t 

o 

TO 

84 7 

1971. 

380. 

0. 

9.0 

BY 

2 

847 





TO 

855 

2291. 

380. 

0. 

17.0 

BY 

2 

855 





TO 

863 

2611. 

330. 

0. 

10.0 

8 Y 

2 

1£47 

1971. 

380. 

0. 

9.0 

TO 

1051 

2205. 

455. 

0. 

8.5 

BY 

2 

1051 





TO 

1059 

2525. 

455. 

0. 

15.0 



IC5-- 





TO 

1063 

2685. 

455. 

0. 

8.0 



1251 

2205. 

455. 

0. 

8.5 

TO 

1254 

2409. 

538. 

0. 

6. 5 



1254 





TO 

1259 

2609. 

538. 

0. 

11.0 



125-» 





TO 

1263 

27t>9. 

538. 

0. 

5.5 



1454 

2409. 

538. 

0. 

6.5 

TO 

1456 

2545. 

594. 

0. 

5.0 



1456 





TO 

1459 

Z6e5. 

594. 

0. 

7.5 



1459 





TO 

1463 

2325. 

594. 

0. 

3.5 



16 56 

2545. 

594. 

0. 

5.0 

TO 

1658 

2710. 

630. 

0. 

3.0 



1658 





TO 

1663 

2910. 

680. 

0. 

3.0 



1853 

2710. 

630. 

0. 

3.0 

TO 

186 0 

2375. 

7o5. 

0. 

1.5 



1860 

• / 





TO 

1893 

2995. 

765. 

0. 

2.5 




*/ MING TRAILING ECGE NCOfcS 

A/ 


3001 

2500. 

65. 

0 . 

13.5 

TO 

3005 

2580. 

65. 

0. 

1.0 

BY 2 

3101 

2500. 

130. 

0. 

13.0 

TO 

3105 

2530. 

130. 

C. 

1.0 

** 

3201 

2500. 

2o5. 

0 . 

12. 5 

TO 

3205 

2580. 

265. 

0 . 

1.0 

•• 

3305 

2830. 

538. 

0 . 

1.0 

TO 

3605 

3045. 

765. 

0 . 

1.0 


A/ 






BY 100 

OF 56. 

86. 

85. 




•/ mING FIN NODES 

• / 



REC WINGFIN 0. 

5 94. 0. » 

1. 594. 

0. , 0 

. -1. 0 





2056 

2545. 

.1 0. 

3.5 

TO 

2456 

2330. 

100. 0 . 

2.5 

BY 200 


2058 

2625. 

.1 0. 

3.5 

TO 

2456 

2342. 

100. 0. 

3.0 

• • 


2061 

27-.S. 

.1 0. 

4.0 

TO 

2461 

2359. 

100. 0. 

3.0 

• * 


2063 

2825. 

.1 0. 

4.0 

TO 

246 3 

2370. 

10 0. 0. 

3.0 

*• 

END 

NOOAL 

OATA 









BEGIN 

STIFFNESS OATA 









S:T 2 

•1 MlNGI 









3EGIN PROPERTY CATA 










?1 

.05 1. 

AIMING 

F IN 

SPARS ANO 

R I3S) 





P2 2 

. C. 

0. .2 

.2 

. 

2 *l« 

INC. FIN 

ATTACHMENT 

3EAMS 

- type 


P3 10 

. 0. 

0. too. 

100. 

100 

. *1 « 

ING FIN 

ATTACHMENT 

BEAMS 

- TYPE 


P4 

.15 .50 




•(CONTROL : 

SURFACE RI5SI 



P5 0 

. *«2 100 

. 100. 

0. 

10 

. •( BEAMS AT 

455 RIB TO 

RICH 

UP SPARS 


ENO PROPERTY ;ATA 



201 


) 


3EGIN ELEMENT DATA 

*7 

•/ MING FRONT SPAR 

•/ 


SPAR 

M5 

N2303 

327 

929 

• I z 

2. 






•2 


N2205 

929 

931 

.12 

2. 

TO 

N2605 

933 

935 

♦ 








av 

N200 

2 

2 


*2 


N2805 

9 j5 

637 

.12 

2. 






*: 


N2G07 

637 

635 

.12 

2. 

TO 

N3207 

639 

691 

♦ 








8Y 

N200 

2 

2 




N3«*07 

691 

893 

.12 

2. 






•i 


N3609 

893 

895 

.12 

2. 

TO 

N3809 

895 

897 

♦ 








ay 

N200 

2 

2 


•2 


N9009 

897 

1095 

.12 

2. 






•2 


N4211 

1099 

1051 


• • 






•2 


N9411 

1051 

1253 


• 9 






*2 


N4ol3 

1253 

1259 


** 






•2 


N4713 

1259 

1955 


*• 






*2 


N4815 

1955 

1956 


** 






*2 


N4915 

1956 

1657 


** 






*2 


N5017 

1657 

1658 


• 9 






*2 


N5U7 

1658 

1859 


99 






*2 


N5219 

1359 

I860 


99 






•/ 












•/ mING rear 

SPAR 










*/ 












SPAR 

M5 

N5603 

363 

963 

.90 

12. 






•2 


N5605 

963 

663 

.90 

12. 






*2 


N5o07 

663 

863 

.39 

12. 






*2 


N5609 

863 

1063 

.39 

12. 






•2 


N5611 

10o3 

1263 

.50 

a. 






*2 


N5613 

12o3 

1963 

.30 

8. 






*2 


N5615 

1963 

1663 

.30 

9. 






•2 


N5617 

16o3 

lt>63 

.30 

9. 






*/ 












•/ MING INTERMEDIATE SPARS 









*/ 












SPAR 

M5 

N2203 

329 

929 

.20 

2. 

TO 

N3603 

393 

993 

♦ 








8 V 

N200 

2 

2 


♦2 


N3803 

395 

99 5 

.36 

2. 






♦2 


N4803 

355 

955 

.60 

12. 






*2 


N5003 

357 

957 

.29 

12. 

TO 

N5903 

361 

961 

4 








9Y 

N200 

2 

2 


•2 


N3005 

937 

637 

.20 

2. 

TO 

N3605 

993 

693 

4- 








ay 

N200 

2 

2 


*2 


N3805 

995 

c95 

.36 

2. 






•2 


N4005 

997 

697 

.20 

9. 

TO 

N9605 

953 

653 

♦ 








av 

N200 

2 

2 


*2 


N4805 

955 

655 

.60 

12. 






♦2 


N5G05 

957 

657 

.29 

12. 

TO 

N5905 

961 

661 

♦ 








BY 

N200 

2 

2 


• 2 


N3fc07 

693 

893 

.20 

2. 

TO 

N3807 

695 

895 

4 








3V 

N200 

2 

2 


•2 


N400 7 

697 

89 7 

.20 

9. 

TO 

N9607 

653 

853 

4 








av 

N200 

2 

2 


*2 


N4807 

655 

855 

.20 

9. 






*2 


N5007 

657 

85 7 

.20 

10. 

TO 

N5907 

661 

dol 

4 








av 

N200 

2 

2 


*2 


N4209 

399 

1099 

.20 

9. 

TO 

N9609 

853 

1053 

4 








av 

N200 

2 

2 


*2 


N4809 

855 

1055 

.20 

8. 






*2 


N5009 

857 

1057 

.20 

10. 

TO 

N5409 

861 

1061 

4 








BY 

N200 

2 

2 


♦2 


N4611 

1053 

1253 

.12 

9. 

TO 

N9811 

1055 

1255 

4 




. 




BY 

N100 

1 

1 


*2 


N4SU 

1056 

1256 

.06 

9. 

TO 

N5511 

1062 

1262 

4 








BY 

N100 

L 

1 


•2 


N4813 

1255 

1955 

.12 

9. 






• 2 


N4913 

1256 

1956 

.06 

9. 

TO 

N5513 

1262 

1-.62 

4 








BY 

NlOO 

1 

1 


*2 


N5U15 

1957 

1657 

.06 

2. 

TO 

N5515 

1962 

1662 

4 








BY 

MOO 

1 

I 


•2 


N52I7 

1659 

1859 

.06 

2. 

TO 

N5517 

1662 

1862 

4 








BY 

NlOO 

1 

1 
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•/ 

*/ WING RIBS 

*/ 



SPAR 


N6109 

435 

43 7 


.30 

4. 

TO 

N6135 

461 

463 










BY 

N2 


2 

2 


•2 


Nt»215 

641 

643 


.20 

3. 

TO 

N6235 

661 

663 










8 Y 

N2 


2 

2 


*2 


N6425 

1051 

1053 


.20 

4. 







*2 


N642S 

1053 

1054 


.20 

4. 

TO 

N6435 

1062 

1063 


•2 


N6629 

1456 

1457 


.12 

2. 

TO 

N6635 

1462 

1463 


•2 


N6833 

1860 

1861 


.30 

1.4 

TO 

N683S 

1862 

1863 

*/ 














*/ 

BEAMS AT 

4S5 

RIB TO PICK UP 

DISCONTINUES SPAMS 






•/ 

BEAM 

MS 

N 30002 

1053 

1054 


P5 








*♦4 0 

0 

2 

2 

2 


* 








BEAM 

M5 

N3001 I 

1063 

1062 


P5 








•♦4 0 

0 

-2 

-2 

-2 


• 







*/ 














•/ 

MING COVERS 












*/ 

COVER 

M5 

N700J 

329 

429 

327 


.06 







•2 


N7203 

329 

429 

431 

331 

.06 





TO 




N8603 

343 

44 3 

445 

345 


3Y 

N200 

2 


** 3 


•2 


N88C3 

345 

44 5 

447 

347 

.12 

.03 




TO 




N9603 

353 

45 3 

455 

355 


8 Y 

N200 

2 


•*3 


*2 


N9R03 

355 

455 

457 

357 

.10 

.14 






*2 


N10003 

357 

457 

459 

359 


** 






•2 


N10203 

359 

459 

4ol 

361 

.26 

.14 

.22 

.00 




♦2 


N 10403 

361 

461 

463 

363 


*• 






•2 


N7B0S 

437 

63 7 

435 


.06 







*2 


N8005 

437 

637 

639 

439 

.06 





TO 




N960S 

453 

653 

655 

455 


8Y 

N200 

2 


*= 3 


*2 


N9805 

455 

65 5 

657 

457 

.10 

.14 






*2 


N1000S 

457 

657 

659 

459 


•* 






•2 


N10205 

459 

659 

661 

461 

.26 

.14 

.22 

.00 




•2 


N10405 

461 

661 

663 

463 


*» 






•2 


N8407 

643 

843 

641 


.06 







*2 


N8607 

643 

843 

845 

645 

.06 





TO 




N9607 

653 

853 

855 

655 


8Y 

N200 

2 


*= 3 


•2 


N9307 

655 

855 

857 

o57 

. 10 

.08 






•2 


N10007 

657 

857 

859 

659 


** 






♦2 


N 1020 7 

659 

359 

861 

661 

.30 

.14 

.20 

.00 




*2 


N 1040 7 

661 

861 

863 

663 


* * 






*2 


N9009 

849 

1049 

847 


.06 







*2 


N9209 

649 

1045 

1051 

851 

.06 





TO 




N9o09 

853 

1053 

1055 

855 


9Y 

N200 

2 


**3 


*2 


N9309 

855 

1055 

1057 

857 

.10 

.08 






*2 


N10009 

857 

1057 

1059 

859 


** 






♦2 


N 10209 

859 

1059 

1061 

861 

.30 

.14 

.20 

.00 




♦2 


N10409 

861 

1061 

1063 

863 


• * 






♦2 


N9411 

1053 

1253 

1051 


.30 

.14 

.22 

.12 




*2 


N96 1 1 

1053 

1253 

1254 

1054 

.30 

.14 

.22 

.12 


TO 




N10511 

1062 

1262 

1263 

1063 


BY 

N100 

1 


*=3 


♦2 


N9713 

1255 

1455 

1254 


.30 

.14 

.22 

.12 




*2 


N9813 

1255 

1455 

1456 

1256 

.30 

.14 

.22 

.12 


TO 




N10513 

1262 

1462 

1463 

1263 


8 Y 

N100 

1 


*=3 


•2 


N9915 

1457 

1657 

145o 


.08 







*2 


N1001S 

1457 

165 7 

1658 

1453 

.08 





TO 




M0515 

1462 

1662 

1663 

1463 


BY 

N100 

1 


*=3 


*2 


N 10 1 1 7 

1659 

1859 

1658 


.08 







•2 


N 1021 7 

1659 

1655 

1860 

1660 

.08 





TO 

*/ 

*/ 



M0517 

1662 

1862 

1863 

1663 


BY 

NlOO 

1 


**3 

MING F IN 

SPARS 











*/ 

SPAR 

M5 

N 11001 

2056 

2256 


Pi 








*2 


N11003 

2 256 

2456 


* 








*2 


N 11201 

2053 

2258 


* 








•2 


M1203 

2258 

2458 


* 








*2 


N11501 

2061 

2261 


* 








*2 


N1 1503 

2262 

2461 


t 








•2 


Nl 1701 

2063 

2263 


* 








*2 


Nil 703 

2263 

2463 


• 








♦/ 


♦ 


♦ 


♦ 


♦ 


♦ 


♦ 


♦ 


♦ 


♦ 


♦ 
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•/ 

WING FIN 

RIBS 






*/ 

SPAR 

M5 N 12001 

2256 

2258 


Pi 



•2 

N12003 

2258 

2261 


• 



*2 

N12005 

226-1 

2263 


* 



*2 

N 12201 

2456 

2458 


* 



*2 

N12203 

2458 

2461 


* 



• 2 

N12205 

2461 

2463 


* 


*/ 








*/ 

MING FIN 

COVERS 






*/ 

COVER 

H5 N 1300 1 

2056 

2256 

2258 

2058 

.05 


*2 

N13003 

2058 

2258 

22ol 

2061 

* 


*2 

N13005 

2061 

2261 

2263 

2063 

* 


*2 

N13201 

2256 

2456 

2453 

2258 

* 


• 2 

N13203 

2258 

2458 

24c 1 

2261 

• 


♦ 2 

N13205 

2261 

2461 

2463 

2263 

* 

*/ 








*/ 

MING FIN 

ATTACHMENT BEAMS 





*/ 

BEAM 

25 N20001 

1456 

2056 

1463 

P2 



*2 

N20003 

1458 

2058 

1463 

♦ 



*2 

N20005 

1461 

2061 

1463 

* 



*2 

N20007 

1463 

2063 

1461 

* 



•2 

N21001 

1456 

1458 


P 3 



*2 

N21003 

1458 

1461 


♦ 



*2 

N21005 

1461 

1463 


* 


*/ 








•/ 

MING TPA 

ILING ECGE CONTROL SURFACE RIBS 


*/ 

SPAF 

H5 N101 

363 

3003 


P4 



*♦1 0 

0 2 

100 

100 


0 



• ♦1 0 

0 2 

200 

100 


0 



*2 

N102 

3003 

300 5 


• 



*♦2 0 

0 2 

100 

100 


0 



*2 

N107 

1263 

3305 


* 



• ♦3 0 

0 l 

200 

100 


* 


*/ 








*/ 

MING T F A 

ILING ECGE CONTROL SURFACE COVERS 


»/ 

COVER 

M5 N 1 5 1 

363 

463 

3103 

3003 

.10 


*2 

Nls3 

463 

663 

3203 

3103 

* 


*2 

N 1 52 

3003 

3103 

3105 

3005 

• 


•2 

M 54 

3103 

3203 

3205 

3105 

♦ 


*2 

M55 

1263 

1463 

3405 

3305 

♦ 


*♦2 0 

0 1 

200 

200 

100 

100 

• 


ENO CLEMENT DATA 






END ST IFFNESS DATA 







BEGIN NODAL CAT A 






SE 

T 3 *( HOR l ZCNTAL TAIL! 






379 

3140.0 65. 

0 0. 

3.0 





479 

3252.5 132. 

5 0. 

2. 5 





o79 

3365.0 200. 

0 Ok 

2.0 





381 

3220.0 65. 

0 0. 

6. 5 





-.81 

3304. 132. 

5 0- 

4. 5 





o81 

3388.0 200. 

0 0. 

2. 5 





383 

3300.0 65. 

0 0. 

7.0 





483 

3358.0 132. 

5 0. 

4.75 




683 

3412.0 20 0. 

0 0. 

2.5 





385 

3380.0 65. 

0 0. 

2.0 





485 

■>407.5 132. 

5 0. 

1. 5 





685 

3435.0 200. 

0 0. 

1.0 




END NODAL 

DATA 






BEGIN STIFFNESS DATA 






SET 3 *< HCR I ZCNTAL TAIL! 





BEGIN ELEMENT DATA 






*/ 








*/ 

HORIZONTAL TAIL SPARS 






*/ 

SPAR 

M5 N14003 

3 79 

479 


.10 

1.2 


♦ 2 

N14005 

479 

679 



** 


*2 

N14103 

381 

481 


.05 

1.8 


♦ 2 

N 14 105 

481 

631 



** 


*2 

N14203 

383 

483 


.05 

1.6 
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*2 

N1420S 

483 

683 


** 

•2 

N14303 

385 

485 

.20 

2.6 

*2 

N14305 

465 

685 


** 


•/ 

*/ HORIZONTAL TAIL RIBS 

*/ 


SPAR 

N14501 

479 

481 

.10 

1.2 TO 
BY 

N14505 

N2 

483 

2 

485 

2 

•2 

N14601 

679 

681 

.10 

1.2 TO 
BY 

N14605 

N2 

683 

2 

685 

2 


*/ 

•/ HORIZONTAL tail covers 

•/ 


COVER 

M5 

N15003 

379 

479 

481 

381 

.16 

*♦2 0 

0 

200 

2 

*■3 



0 . 

COVER 

MS 

N 15005 

479 

679 

681 

431 

.07 

•♦2 0 

0 

200 

2 

*»3 



0 . 


ENC ELEMENT DATA 
ENO STIFFNESS DATA 
BEGIN MASS CATA 
SET 2 

BEGIN MASS ELEMENT OATA 

BEAM 1456 205o 1463 .1 *=4 
BEAM 1458 2C53 1463 •• 

BEAM 14ol 2061 1463 «« 

BEAM 1463 2063 1461 • ♦ 

ENC MASS ELEMENT DATA 
ENO MASS DATA 
BEGIN SUBSET DEFINITION 

SUBSETS OF STIFFNESS SET 1 

*/ 

•/ El - BOOY ELEMENTS 

*/ 

El = ALL 

SUBSETS OF STIFFNESS SET 2 

*/ 

*/ El - WING ELEMENTS 

•/ E2 - WING FIN ELEMENTS 

*/ 

El ■ SLAB Z 0. 

E2 * SLAB Z .1 TO 500. 

SUBSETS OF STIFFNESS SET 3 

•/ 

*/ £1 - HORIZONTAL TAIL ELEMENTS 

*/ 

El = ALL 

ENO SUBSET DEFINITION 

BEGIN BC DATA 

*/ 

*/ STAGE 1 FOR VIBRATION ANALYSIS 

*/ STAGE 2 FOR STRESS ANALYSIS 

• / 

SET 1 STAGE 1 

SUPPORT ASYM IN SURFACE 2 
SUPPORT TX FGR 89 

SUPPORT RZ FOR 227 TO 263 BY 2. 279 TO 285 BY 2 
RETAIN TZ FOR 1 7 13 19 27 45 55 63 67 73 79 85 39 
RETAIN TZ RX RY FGR 83 
SET 2 STAGE 1 

SUPPORT ALL FOR 427 3001 
SUPPORT RZ FOR 327 TO 363 BY 2 
RETAIN TZ FOR 435 441 445 451 455 

RETAIN TZ FOR 641 645 649 655 659 847 851 855 859 863 1051 1055 1059 1063 

RETAIN TZ FOR 1254 1259 1456 1459 1658 1661 1859 1860 1861 

RETAIN TZ FGR 3003 3005 3103 3105 3203 3205 

RETAIN TZ FOR 3305 3405 3505 3605 

RETAIN TY FOR 2058 2061 2253 2261 2458 2461 

RETAIN TZ RX RY FOR 463 663 1263 1463 1663 1363 
SET 3 STAGE 1 

SUPPORT RZ FOR 379 TO 385 8Y 2 

RETAIN TZ FOR 479 679 

RETAIN TZ RX RY FOR 483 633 485 685 
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SET 


1 STAGE 2 
SUPPORT ASYM 


IN SURFACE 2 


SUPPORT 

RZ FOR 227 

TO 263 

SUPPORT 

ALL FOR 89 


SET 2 STAGE 

2 


SUPPORT 

ALL FOR 427 

3001 

SUPPORT 

RZ FOR 327 

TO 363 

SET 3 STAGE 

2 


SUPPORT 

RZ FOR 379 

TO 385 

ENO 3C OATA 



3EGIN IOAC OATA 


SET 1 STAGE 

2 


LOAD CASE 10 SY MM ♦♦SYMMETRIC 

BEGIN NODAL 

LOAC OATA 


ORDER FZ 



CASE SYMM 



3 

-2275. 


9 

-ollO. 


15 

-4970. 


23 

-3255. 


31 

-245. 


39 

-5400. 


45 

-380. 


53 

-3830. 


6 1 

140. 


67 

-165. 


75 

-6365. 


83 

-3495. 


87 

-3160. 


85 

-150. 


89 

-150. 


ENO NCOAL 

LOAC DATA 


SET 2 STAGE 

2 


LOAD CASc IQ SYMM ♦♦SYMMETRIC 

BEGIN NODAL 

LOAD DATA 


QRCER FZ 

FY 


CASE SYMM 


2056 

-125. 

1220. 

245 6 

-100. 

1360. 

2458 

-100. 

-410. 

2058 

-125. 

955. 

2 Do l 

-125. 

1075. 

2461 

-100. 

7665. 

2463 

-100. 

•4960. 

2063 

-125. 

-660. 

ORDER FZ 



431 

13475. 


331 

-8500. 


637 

8030. 


337 

-7750. 


345 

-11770. 


655 

-4640. 


355 

-5330. 


66 3 

1565. 


363 

5445. 


843 

364C5. 


645 

-20790. 


1051 

21130. 


649 

3435. 


1055 

3365. 


1063 

1435. 


l **56 

13820. 


1459 

21815. 


1463 

6155. 


I860 

860. 


1861 

14395. 


186 3 

2762. 


659 

-450. 


1059 

-8710. 


1 4o 1 

-10695. 


1862 

-5150. 


END NODAL LOAC DATA 



BY 2, 279 TO 285 BY 2 


BY 2 


BY 2 
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V. 


L 


> 


SET 3 STAGE 2 

LOAD CASE !0 SYMH MSYNNETRIC AIRLOADS* 
dEGIN NOOAt. LOAC DATA 
ORDER fl 
CASE SYNN 
379 -5060. 

679 -6040. 

681 -7375. 

381 -5415. 

383 - -1620. 

683 -865. 

685 -1725. 

385 -3425. 

END NODAL LOAC OATA 
END LOAD OATA 
BEGIN SUBSET DEFINITION 

SUBSETS OF STIFFNESS SET 1 
El « ALL 
N1 • ALL 

SUBSETS OF STIFFNESS SET 2 
El * ALL 
N1 « ALL 

SUBSETS OF STIFFNESS SET 3 


61 * ALL 
N 1 » ALL 

END SUBSET DEFINITION 
BEGIN INTERACT CATA 


DEFINE 

SS 

1 

AS 

SET 

1 

STAGE 

1 

•I30DY) 

DEFINE 

SS 

2 

AS 

SET 

2 

STAGE 

1 

*( WING) 

DEFINE 
SS 4 

SS 

3 

AS 

SET 

3 

STAGE 

1 

*( HCR tZONTAL TAIL) 


INTERACT 1 
BEGIN DC CHANGES 
SS 4 

REFERENCE SS 
RETAIN T2 
RETAIN TZ RX 


RY 


FOR 

FOR 


227 237 245 255 279 
263 283 285 


ENO BC CHANGES 
DEFINE HIGHEST 

SS 4 

AS 

SET 

4 


END INTERACT DATA 
BEGIN INTERACT CATA 
DEFINE SS 11 

AS 

SET 

1 

STAGE 

2 

♦(BODY) 

DEFINE SS 12 

AS 

SET 

2 

STAGE 

2 

•(WING) 

OEFINE SS 13 

AS 

SET 

3 

STAGE 

2 

•(HORIZONTAL TAIL) 

SS 14 

INTERACT 

11 

12 

13 





define HIGHEST 
ENO INTERACT CATA 
END PR08LEH OATA 


SS 14 


r 
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205. VIBRATION ANALYSIS OF THE FIREBEE DRONE 

(DECK 15) 


205.1 DESCRIPTION OF ANALYSIS 

An analysis is performed to determine symmetrical inodes of 
vibration of the FIREBEE Drone. Because of structural symmetry, 
only one half of the Drone is modelled. The wing model is based 
upon the supercritical wing (ARW-1) ; the fuselage and horizontal 
tail models are based upon the data reported in reference 205-1. 

The outboard wing is modelled using SPLATE and ROD elements. 
The wing center section is modelled using GPLATE and BEAM 
elements and the fuselage and horizontal tail are modelled using 
BEAM elements. The total structural model is shown in figure 
205-1. More detailed views of the model are presented in figures 
205-2 through 205-6. 

The number of degrees of freedom retained in the analysis is 
107. Z-direction translations are retained at outboard wing 
upper surface, fuselage and horizontal tail nodes. Rotations 
about the Y axis are retained at fuselage and horizontal tail 
nodes; rotations about the x axis are retained at horizontal t:il 
nodes. Symmetry is imposed on the plane Y=0. Rigid body 
translation in the X-direction is restrained near the center of 
the fuselage. 

The reduced mass matrix is a nondiagonal matrix produced 
directly by the Mass Processor. The wing mass is obtained 
exclusively from the stiffness finite elements; the fuselage and 
horizontal tail mass exclusively from concentrated masses. 

205.2 RESULTS 

The natural frequencies of the first ten modes are presented 
in table 205-1. The first two modes are rigid body modes. The 
mode shapes for modes 4 and 6 are shown in figures 205-7 and 205- 
8 . 


The third mode shape closely resembles the first mode shape 
of a cantilever wing. The frequency and mode shape for this mode 
are similar to the results obtained from a NASTRAN analysis of a 
cantilever v--ig. 

Modes 4 and 5 are the first two fuselage bending modes and 
mode 8 is the first horizontal tail bending mode. The results 
for these three modes compare favorably with those reported in 
reference 205-1. 
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205.3 LISTING OP CONTROL PROGRAM AND DATA 


BEGIN CONTROL PROGRAM OEMOI5 

PROBLEM C10EMO15 - VIBRATION ANALYSIS OF THE FIREBEE DRONE) 


PURPOSE ThE PRINCIPAL CAPABILITIES OEMONSTRATFD BY THIS 

DECK ARE 

1. GENERATION OF NON-OI AGONAL MASS MATRIX BY 
MASS PROCESSOR 

2. VIBRATION ANALYSIS 

3. PLOTS OF VIBRATION MOOE SHAPES 


AUTHOR M. TAMEKUNI 


CORE 150 K (OCTAL) 


READ INPUI 

PRINT INPUT (NODAL) 

PRINT INPUT (STIFFNESS) 

PRINT INPUT (MATERIAL) 

EXTRACT! EXNAME-JO' AL.LSUB-KSR 10, ESUB-E1,NSUB-N1> 
GRAPHICS! GNAME • GEOM, OFFLI NE -CALC CMP, TYPE-ORTH, 

SIZE ‘(20. ,20.) .VIEW-100, EXNAME- TOTAL) 

EXTRACT (EXNAKE-BODY, LSUB-KGR ID. ESUB-E2 .NSU3-N2 I 
GRAPHICS! GNANE-GEOM, TYPE-ORTH, SI Zc-( 25,25), LABEL-N, 
RV-0,RZ-90,AX— 90. EXNAME-BODY) 
EXTRACT(EXNAME*UPRSURF.LSUB-KGRID.ESUB-E4.NSUB-N*) 
GRAPHICS) CNAME-GEOH, TYPE-ORTH, SI ZE-120., 70. I, LAdc.-N, 
VIEW-100,EXNAME-UPRSURF) 

EXTRACT ( EXNAME -I WR SURF, LSUS-KGR IC, ESU8-E5,NSUS-NS) 
GRAPHICS! GNAmE«GEOH , T YP E- OR TH,SI 2E*(20., 20.), LABEL-N. 
VIEh-lOO.EXNAME-LWRSURF) 

EXTRACT ( EXNAME-'WNGBOY.LSUB-KGR ID.ESUB-E6 , NSUB-N6) 
GRAPHICS! GNAME-GeOH, TYPE«ORTH,SIZE-(20.»20.)»LA8EL-N-T, 
VIEW-100. cXNAME-MNGBDY) 

EXTRACT IEXNAME«TAlL.LSUB»X'.fU0,ESUA-E3,NSUB»N3) 
GRAPHICS! GNAME-GEOH, TYPE-ORTH, SI Z£- i 20 . ,20. ), LABEL-N, 
VIEW-100, EXNAME- TAIL) 

R-RECUCE 
PRINT INPUT ( BC ) 

EXECUTE MAS S (OP T 1 ON- 3 ) 

PRINT OUTPUT (MASS. MDC-MDC-***. SUMMARY) 

EXECUTE VIBRATION! MAS S-MDC001 A, STIF -K RED, VSET- l , NMOOES-20) 

PRINT OUTPUT (VIBRATION.VSET-l) 

EXECUTE EXTRACT ( EXNAME-DRONE ,L SUB- VMODE . VSET- I , 

X BSUB-0N1 .MOOE-l TO 101 

EXECUTE GRAPHICS(GNAME-MODES,TVPE-ORTH, SI 2E- (20. , 20.),RZ-60., 

X RY — 35. » RX-O. , VECTOK2-VMODE « VSCALE - 15. , 

X EXNAME-DRONE) 

ENO CONTROL PROGRAM 


EXECUTE 

EXECUTE 

X 

EXECUTE 

EXECUTE 

X 

EXECUTE 

EXECUTE 

X 

EXECUTE 

EXECUTE 

X 

EXECUTE 

EXECUTE 

X 

EXECUTE 

EXECUTE 

X 

PERFORM 
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begin material CATA / 

MSI .OS / 

0 .228E*C7 0. .695E*C6 0. / 

MS 2 .1 / 


0 

105000006*08 

.3125000CE*00 . 4 0000000 E *07 0 

• 

MSS 0. 

/ 




0 .2286*07 a. .6956*06 

0. / 



MSA 0. 

/ 




0 

105000006*08 

.312500006*00 .400000006*07 0 

• 

MSS .285 / 





0 

250000006*08 

.318181826*00 .110000006*08 0 

• 

cNO MATERIAL DATA / 




BEGIN NOtiAL 

CATA / 




R6C WING 

-1.01 0. 0. 1. 

0. 0. -1.01 0. 1. / 



l 

310.6360000 

85.5000000 

1.4070000 

/ 

2 

310.6360000 

85.5000000 

.9100000 

/ 

i 

311.8520000 

85.5000000 

1.6630000 

/ 

A 

311.e520000 

85.5000000 

.8630000 

/ 

5 

313.8790000 

85.5000000 

1.9310000 

/ 

6 

313.8790000 

85.5000000 

.9790000 

/ 

7 

316.2430000 

85.5000000 

2.1750000 

/ 

6 

316.2430000 

85.5000000 

1.2410000 

/ 

9 

316.6080000 

85.5000000 

2.3940000 

/ 

10 

316.6080000 

85.5000000 

1.5980000 

/ 

ll 

321.9860000 

85.5000000 

2.5950000 

/ 

12 

321.9860000 

85.5000000 

2.2870000 

/ 

11 

323.6740000 

85.5000000 

2.4240000 

/ 

21 

304.5500000 

75.2S00000 

1.3600000 

/ 

22 

304.5500000 

79.2500000 

.7860000 

/ 

23 

305.9200000 

75.2500000 

1.6310000 

/ 

24 

305.9200000 

75.2500000 

.7440000 

/ 

25 

308.2000000 

75.2500000 

1 .9300000 

/ 

2o 

306.2000000 

75.2500000 

.3720000 

/ 

27 

31G.8700C00 

75.2500000 

2.2HOOCO 

/ 

28 

31C. 8700000 

75.2500000 

1.1400000 

/ 

29 

313.5300000 

75.2500000 

2. 456^000 

7 

10 

313.5300000 

79.2500000 

1.5280000 

/ 

31 

31 7.34O0CJ0 

79.25 00000 

2.6550000 

/ 

32 

317.3400000 

75.2500000 

2.3210000 

/ 

33 

319.2480000 

79.2500000 

2.4395000 

/ 

41 

257.8290000 

72.3490000 

1.3470000 

/ 

42 

297.3290000 

72.3490000 

.6630000 

/ 

43 

296.6570000 

71.5930000 

1.6320000 

/ 

4 ♦ 

296.6570000 

71.5930000 

.6170000 

/ 

45 

300. Ot 0000 

70.3040000 

1.9740000 

/ 

46 

300.03.0000 

70.3040000 

.7250000 

7 

47 

301. 6190C00 

66.7260000 

2.3030000 

/ 

48 

301.8190000 

68.7260000 

.9750000 

/ 

49 

303.6430000 

67.0700000 

2.5820000 

/ 

50 

303.6430000 

67.0700000 

1.3870000 

/ 

51 

306.4150000 

64.5530000 

2.7630000 

/ 

52 

306.4150000 

64.5530000 

2.3560000 

/ 

53 

30 7.6.'90C00 

63.2230000 

2.4530000 

/ 

61 

289.4500000 

63.7470000 

; .3680000 

7 

62 

285.4500000 

63.7470000 

.5720000 

/ 

63 

250.3930000 

62.8920000 

1.6950000 

/ 

6A 

290.3930000 

62.8920000 

.4990000 

/ 

65 

292.0140000 

61.4200000 

2.0760000 

/ 

66 

292.0140000 

61.4200000 

.5870000 

/ 

67 

293.9920000 

55.6240000 

2.4190000 

/ 

68 

253.9920000 

59.6240000 

.8340000 

/ 

69 

256.0670000 

57. 7400000 

2.6840000 

/ 

70 

296.0670000 

57.7400000 

1.2720000 

/ 

71 

299.2210000 

54.3760000 

2.8070000 

/ 

72 

259.2210000 

54.8760000 

2.3480000 

7 

73 

300.8870000 

53.3630000 

2.4410000 

/ 

81 

281.0740000 

55.1450^00 

1.4420000 

t 

82 

281.0740000 

55.1450' ' 

.5280000 

7 

83 

282.1300000 

54.1361 

1.8160000 

7 

84 

282.1300000 

54.1 ?'.;c 

.4080000 

7 

85 

283.9470000 

52.5360000 

2.2320000 

7 

86 

283.9470000 

52.5360000 

.4560000 

/ 

87 

286.1650000 

50.5220000 

2.5640000 

7 
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88 

286.1650000 

50.5220000 

.6960000 

/ 


89 

288.4920000 

48.4100000 

2.7900000 

/ 


90 

288.4920000 

48.4100000 

1 . 153000C 

/ 


91 

292.0270000 

45.1990000 

2 . d 370 0 0 0 

/ 


92 

292.0270000 

45.1990000 

2.3210000 

/ 


93 

293.8960000 

43.5030000 

2.4230000 

/ 


101 

272.6970000 

46.5430000 

1.5510000 

/ 


102 

272.6970000 

46.5430000 

.5090000 

/ 


103 

273.8670000 

45.4810000 

1.9720000 

/ 


104 

273.8670000 

45.4810000 

.3320000 

/ 


105 

275.8800000 

43.6520000 

2.4100000 

/ 


106 

275.8800000 

43.6520000 

.3290000 

/ 


107 

278.3380000 

41.4210000 

2.7170000 

/ 


10$ 

278.3380000 

41.4210000 

.5580000 

/ 


109 

280.91o0000 

35.0800000 

2.8960000 

/ 


110 

280.9160000 

39.0800000 

1.0340000 

/ 


111 

284.8340000 

35.5220000 

2.8630000 

t 


112 

284.8340000 

35.5220000 

2.2940000 

/ 


1)3 

286.9040000 

33.6420000 

2.4040000 

/ 


121 

264.3150000 

37.9410000 

1.7230000 

/ 


122 

264.3150000 

37.9410000 

.4270000 

/ 


123 

265.6030000 

36.7750000 

2.1230000 

/ 


124 

265.6030000 

36.7750000 

.2560000 

/ 


125 

2o7. 8140000 

34.7680000 

2.5870000 

/ 


126 

’67.8140000 

34.7680000 

.2010000 

/ 


127 

270.51 10000 

32.3190000 

2.8710000 

/ 


128 

270.5110000 

32.3190000 

.4200000 

/ 


129 

273.3400000 

25. 7500000 

3.0020000 

/ 


130 

273.3400000 

29.7500000 

.9150000 

/ 


131 

277.6400000 

25.3450000 

2.8980000 

/ 


132 

277.6400000 

25.8450000 

2.2660000 

/ 


133 

279.9130000 

23.7820000 

2.3850000 

/ 


141 

255.5420000 

29.3390000 

1.7790000 

/ 


142 

253.5420000 

25.3390000 

.4720000 

/ 


143 

257.3400000 

28.0690000 

2.2350000 

/ 


144 

257.3400000 

28.0690000 

.1300000 

/ 


145 

255. 74 70C00 

25.8840000 

2.7650000 

/ 


146 

255.7470000 

25.8840000 

.0730000 

/ 


147 

262.6830000 

23.2170000 

3.0240000 

/ 


148 

262.6830000 

23.2170900 

.2830000 

/ 


149 

265.7650000 

20.4200000 

3.1 C90000 

/ 


150 

265.7650000 

20.4200000 

.7960000 

/ 


165 

251.6800000 

17.0000000 

2.9430000 

/ 


166 

251.6800000 

17.0000000 

-.0550000 

/ 


16 7 

254.8560000 

14.1160000 

3.1770000 

/ 


168 

254.8560000 

14.1160000 

.1450000 

/ 


169 

258.1890000 

11.0900000 

3.2150000 

/ 


170 

258.1390000 

11.0900000 

.6770000 

/ 


174 

251.6800000 

17.0000000 

1.9430000 

/ 


176 

258.1890000 

1 1 .0900000 

1.9480000 

/ 


200 

243.3000000 

5.0000000 

1.9480000 

/ 


201 

244.4200000 

5.0000000 

1.5480000 

/ 


202 

251.6300000 

5.0000000 

1.9480000 

! 


20 3 

258. 1800000 

9 iOOOOOO 

1.9480000 

/ 


204 

259.3800000 

5.0000000 

1 .9480000 

/ 


205 

263.3300000 

9.0000000 

1.9480000 

/ 


206 

268.1500000 

9.0000000 

1.9480000 

/ 


20 7 

272.3900000 

9.0000000 

1.9430000 

/ 


208 

275.0500000 

9.0000000 

1.9490000 

/ 


223 

258.1800000 

4.3500000 

1.9480000 

/ 


225 

263.3300000 

4.3500000 

1. 948000 J 

/ 


226 

268.1500000 

4.3500000 

1.9460000 

/ 


227 

272.3900000 

4.3500000 

1.9480000 

! 


242 

245. 7800000 

.0000000 

1 . 5480000 

/ 


243 

258.1800000 

.0000000 

1.9480000 

/ 


245 

263.3300000 

.0000000 

1.9480000 

/ 


246 

268.1500000 

.0000000 

1.9480000 

/ 


247 

272. 3900^00 

.0000000 

1.9480000 

/ 

■/ 

6C0Y NODES / 




REC 

eoor 

0. 0. 1.943 1. 0. 

1.948 0. 0. 10. / 



302 

IOC. 

0. 0. / 




304 

120. 

0. 0. t 





JOS . 4 



- «■ 


306 

130. 

0. 

0. 

/ 

308 

140. 

0. 

0. 

/ 

310 

15C. 

0. 

0. 

/ 

312 

16 C. 

c. 

0. 

/ 

314 

17C. 

0. 

0. 

/ 

316 

180. 

0. 

c. 

/ 

318 

190. 

0. 

0. ' 

/ 

32C 

200. 

0. 

0. 

/ 

322 

21 C. 

a. 

0. 

/ 

324 

22C. 

0. 

0. 

/ 

326 

232. 

a. 

0. 

/ 

323 

241. 

0. 

0. 

/ 

330 

250. 

0. 

0. 

/ 

332 

28C. 

a. 

0. 

/ 

334 

2SC. 

0. 

0. 

/ 

336 

294.4 

0. 

0. 

/ 

333 

300.5 

0. 

0. 

/ 

340 

312. 

c. 

0. 

/ 

342 

319.1 

0. 

0. 

/ 

34s 

326. 

0. 

0. 

/ 

346 

332.7 

0. 

0. 

/ 

343 

34C. 

a. 

0. 

/ 

350 

34s. 2 

0. 

0. 

/ 

352 

350. 

0. 

0. 

/ 

354 

356.5 

0. 

0. 

/ 

356 

359.56 

0. 

0. 

/ 

358 

368. 

0. 

0. 

/ 

360 

3 7e. 

0. 

0. 

/ 

362 

394.5 

0. 

0. 

/ 

364 

400. 

0. 

0. 

/ 

366 

403.1 

0. 

0. 

/ 


• / HORIZONTAL TAIL NOOfS / 

401 355.56 9.9 0. / 

<.08 373.41 1 34.2J4 0. / 

REC HT <.01 403 359.56 9.9 10.0 / 

ANALYSIS FRAME HT / 

401 0. 0. 0. TO 403 23. 0. 0. / 

411 0. .6323 0. / 

412 4. 2.519 0. / 

413 3. 1.978 0. / 

4 14 12. 1 • <* 1 7 C. / 

4 i 5 lc. .337 C. / 

413 20. .1567 0. / 

417 2s. -.5425 0. / 

418 23. -1.30e 0. / 
chO NCCAL 0 A I A / 

6E0IN 3C DATA / 

•/ RETAINEO FRtcOCMS / 

• / WING / 

RETAIN T l FCR 165 167 169 / 

RETAIN T l FOR 141 TO 149 8Y 2 / 

RETAIN T 2 FCR 121 TO 133 3Y 2 / 

*♦6 0 0 C -20 0 -20 00/ 

*/ FUSELAGE / 

RETAIN T 2 FOR 304 310 316 322 328 243 247 

338 344 352 356 360 364 / 

RETAIN kV FOR 30s 31C 31e 322 323 243 247 

333 34s 352 356 360 364 / 

•/ HORIZONTAL TAIL / 

RETAIN TZ FCR 401 TO 403 / 

RETAIN RX FOR 401 TO 403 / 

RETAIN K» FOR 401 TO 408 / 

SUPPORT ASYM IN SURFACE 2 / 

SUPPORT Tx FCR 247 / 

FNO BC DATA / 

BEGIN stiffness data / 

3EGIN ELEMENT CATA / 


BEAM M52 T*00C0 

N4000 


165 

1 7s 

145 

. 122000006*01 

0. 

0. 


0. 


. 271000006*00 

•25000000E*00 



0.0 / 


8E AM M52 T*0000 

N4001 


166 

17s 

ls6 

. 122000006*01 

0 . 

0 . 


0. 


.271000006*00 

.250000006*00 



0.0 / 



20a . 5 


FV," - 



66 AM M 52 7*0000 

MAO 02 


169 

176 

199 

• 122000005*01 

0. 

0. 



0. 

•271000006*00 

.250000006*00 



0.0 / 


BEmM M52 r+ocoo 

N9003 


170 

176 

150 

• 122000006*01 

0. 

0. 



0. 

.271000006*00 

.250000006*00 



0.0 / 


BEAM M52 T *0000 

N9005 


179 

176 

292 

• 187500006*01 

0. 

0. 



.28500000E*00 

*977000006*00 

.87900 OOOE-Ol 



0.0 / 


BEAM M52 T*0000 

N9G06 


179 

202 

292 

.312500006*01 

0. 

0. 



.maooouE*oi 

. 162800006*01 

.90 7000006*00 



0.0 / 


BEAM M52 T *-0000 

N9007 


179 

201 

292 

.375000006*01 

0. 

0. 



.176100006*01 

.195300006*01 

.703000006*00 



0.0 / 


BEAM M52 '*0000 

N9008 


200 

201 

292 

• 312500006*01 

0. 

0. 



.111800006*01 

• 16230000E*01 

.907000006*00 



0.0 / 


BEAM M52 T*0000 

N 9009 


201 

202 

292 

.31250000E+G1 

0. 

0. 



•11180000E*01 

.162800006*01 

.907000006*00 



0.0 / 


BEAM M52 T ♦0000 

N9010 


203 

209 

292 

• 312500006*01 

0. 

Q. 



.111800006*01 

•162800006*01 

.90700000E*00 



0.0 / 


BEAM M52 T *0000 

N9011 


209 

205 

292 

•312500006*01 

0. 

0. 



.111800 00E*01 

.162800006*01 

.907000006*00 



0.0 / 


BEAM M52 T*0000 

N90 12 


205 

206 

292 

. 31250000E+CI 

0. 

0. 



.111800006*01 

.162800006*01 

.907000006*00 



0.0 / 


BEAM M52 T+OOOC 

N9013 


206 

207 

292 

.312500006*01 

0. 

0. 



.11 180000E*01 

.162800006*01 

•90700000E*00 



0.0 / 


BEAM M52 T *0000 

N9019 


207 

208 

292 

.312500006*01 

0. 

0. 



.111800006*01 

.162800006*01 

.907000006*00 



0.0 / 


BEAM M52 T*0000 

N9015 


201 

292 

293 

.312500006*01 

0. 

0. 



.11180000E*01 

.162800006*01 

•907000006*00 



0.0 / 


BEAM M52 T*0000 

N9016 


202 

292 

293 

.312500006*01 

0 . 

0. 



•111 80000E*0 1 

.162800006*01 

.907000006*00 



0.0 / 


BEAM M52 T*0000 

N9017 


202 

293 

292 

.312500006*01 

0 . 

0. 



.111800006*01 

.162300006*01 

.907000006*00 



0.0 / 


BEAM H52 r*caoo 

N9018 


223 

225 

292 

.125000006*01 

0 . 

0. 



.910000006-01 

.651000006*00 

.260000006-01 



0.0 / 


BEAM H52 T *0000 

N9019 


225 

22b 

2-*2 

.125000006*01 

0 . 

0. 



.910000006-01 

•6510000CE*00 

.260000006-01 



0.0 / 


BEAM M52 7*0000 

N9020 


226 

227 

292 

. 12500000E*01 

0. 

0. 



.910000006-01 

.651000006*00 

.260000006-01 



0.0 / 


BEAM M52 7*0000 

N9021 


292 

293 

201 

.312500006*01 

0. 

0. 



.111800006*01 

.162300006*01 

.907000006*00 



0.0 / 


BEAM M52 7*0000 

N9022 


293 

295 

201 

.125000008*01 

0. 

0 . 



.910000006-01 

.65 100000E*00 

. . 60000006-01 



0.0 / 


SEAM M52 7*0000 

M9023 


295 

296 

201 

. 125000006*01 

0. 

0 . 



.910000006-01 

.651000008*00 

.260000006-01 



0.0 / 


BEAN H52 7*0000 

N9029 


296 

297 

201 

. 125000C0E*01 

0. 

0. 



.910000006-01 

.651000006*00 

.260000006-01 



0.0 / 


BEaM M52 7*0000 

N9025 


203 

223 

292 

.312500006*01 

0. 

0. 



.111800006*01 

.162800005*01 

.907000006*00 



0.0 / 


BEAM M52 7*0000 

N9026 


205 

225 

292 

.125000006*01 

0. 

0. 



.91000000E-C1 

•65 1000006*00 

.260000006-01 



0.0 / 



205.6 



N4027 


BEAM MS2 7*0000 
. 125000006*01 
.65X000006*00 
BEAM MS2 T*0000 
. 125000006*01 
.651000006*00 
BEAM M52 T*0000 

.2X2500006*01 
.162000006*01 
BEAM M52 T*0000 

.125000006*01 
.651000006*00 
BEAM M52 T*0000 

.125000006*01 
.651000006*00 
BEAM M52 T *0000 
.125000006*01 
.651000006*00 
BEAM M54 1*0000 

.600000006*01 

.200000006*03 


ROO 

M53 

T *0000 

ROO 

M53 

7*0000 

ROO 

M53 

T*OOOC 

RCO 

M53 

T*0000 

ROO 

M53 

7*0000 

ROC 

M5 3 

7*0000 

KCO 

M53 

7*0000 

RCO 

M53 

7 *0C0C 

ROO 

M53 

T *0000 

ROO 

M53 

7*0000 

ROD 

M53 

7*0000 

ROO 

M53 

r*oooc 

ROO 

M53 

7*0000 

ROO 

M53 

7*0000 

RCO 

M53 

7*0000 

ROD 

M53 

7*0000 

ROO 

M5 3 

7*0000 

RCO 

M53 

7 *OOOC 

ROO 

M53 

T *0000 

ROO 

M53 

7*0000 

RCO 

M53 

7*0000 

RCO 

M53 

7*0000 

RCO 

M5J 

7 *OOOC 

ROC 

M5 3 

T *0000 

ROD 

M5 3 

T*OOOC 

RCO 

M53 

7*0000 

ROD 

M53 

7*0000 

RCO 

M53 

7 *0000 

RCO 

M53 

7*0000 

RCO 

M53 

7*0000 

RCO 

M53 

T*OOOC 

RCO 

M53 

7*0000 

ROD 

M53 

7*0000 

ROC 

M53 

7*0000 

ROO 

M53 

7*0000 

ROO 

M53 

7*0000 

RCO 

M53 

7*0000 

RCO 

M53 

7*0000 

ROO 

M5 3 

7*0000 

ROO 

M53 

T*000C 

RCO 

M53 

7*0000 

ROD 

M53 

T*OOOC 

ROO 

M5i 

T*OCOC 

RCO 

N53 

T*OCOO 

RCO 

M5 3 

T*OOOC 

ROO 

M53 

7*0000 

ROO 

M53 

7*0000 

ROO 

M53 

7*0000 

ROC 

M53 

7*0000 

RCO 

M53 

T*O000 

ROO 

M53 

►0000 


206 

0 . 0 . 

.26000000E-01 

94028 207 

0 . 0 . 

.260000006-01 

94029 223 

0 . 0 . 

.*.07000006*00 

94030 225 

0 . 0 . 

.260000006-01 

94031 226 

0 . 0 . 


.260000006-01 


N4032 



227 

0 . 


0 . 


.260000006- 

01 



N8000 



202 

0 . 


0 . 


.200000006*03 



92000 

1 


21 

N2001 

3 


23 

N2002 

5 


25 

92003 

7 


27 

N2004 

9 


29 

92005 

11 


31 

92006 

13 


33 

92007 

12 


32 

92008 

10 


30 

N2009 

3 


28 

N2010 

6 


2a 

92011 

4 


24 

92012 

2 


22 

92013 

21 


41 

92014 

23 


43 

92015 

25 


45 

N2016 

27 


47 

N2017 

29 


49 

92018 

31 


51 

N2019 

33 


53 

92020 

32 


52 

92021 

30 


50 

N2022 

28 


43 

92023 

26 


46 

92024 

24 


44 

92025 

22 


42 

92026 

41 


61 

92027 

43 


63 

92023 

45 


65 

92029 

47 


67 

92030 

49 


69 

N2031 

51 


71 

92032 

53 


73 

92033 

52 


72 

92034 

50 


70 

92035 

*8 


68 

92036 

46 


66 

92037 

44 


64 

92033 

42 


62 

92039 

61 


81 

92040 

63 


63 

92041 

65 


85 

92042 

67 


87 

92043 

fc9 


89 

92044 

71 


91 

92045 

73 


93 

9204o 

72 


92 

92047 

70 


90 

92048 

68 


88 

9204) 

66 


86 

N2050 

64 


84 


226 
0.0 / 

242 

.910000006-01 

227 
0.0 / 

242 

.910000006-01 

243 
0.0 / 

242 

.111800006*01 

245 
0.0 / 

242 

.910000006-01 

246 
0.0 / 

242 

.910000006-01 

247 
0.0 / 

242 

.91 OOOOOOE-O 1 

204 
0.0 / 

242 

. 400000 0OE*01 


.600000006-01 / 
.980000006-01 / 
.670000006-01 / 
.134000006*00 / 
. 13800000E*00 / 
.159000006*00 / 
. 155000C0E*00 / 
.159000006*00 / 
.133000006*00 / 
.134000006*00 / 
.0 7000000 6-01 / 
. 980000006-0 1 / 
.600000006-01 / 
.520000006-01 / 
.104000006*00 / 
.122000006*00 / 
.157000006*00 / 
.207000006*00 / 
. 1S600Q00E*00 / 
.182000006*00 / 
. 13600000E*00 / 
.207000006*00 / 
.157000006*00 / 
. 122000006*00 / 
. 10400000E*00 / 
.520000006-01 / 
.510000006-01 / 
.114000006*00 / 
. lb000000E*00 / 
.130000006*00 / 
.232000006*00 / 
.214000006*00 / 
.208000006*00 / 
.214000006*00 / 
.232000006*00 / 
.130000006*00 / 
.160000006*00 / 
.114000006*00 / 
.510000006-01 / 
.530000006-01 / 
. 129000006*00 I 
.180000006*00 / 
.20300000E*00 / 
. 26200000E*00 / 
.242000006*00 / 
.235000006*00 / 
.242000006*00 / 
- '52000006*00 / 
.203000006*00 / 
.130000006*00 / 
.129000006*00 / 
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ROO 

M53 

T*OOO0 

N20S1 

62 

82 

. 58000000 E-01 

/ 

ROD 

M53 

T*OOOC 

N2052 

81 

101 

.690000 00E-01 

/ 

A CO 

H53 

T*0000 

N2053 

83 

103 

.193000006*00 

/ 

ROO 

M53 

T*OOOC 

N2059 

as 

105 

•20100000E*00 

/ 

ROO 

N53 

T*0000 

N2055 

87 

107 

. 226000 00E*00 

/ 

ROO 

H53 

T*OOOQ 

N2056 

89 

109 

.292000006*00 

/ 

RCC 

M53 

T*0000 

N20S7 

91 

111 

.269000006*00 

/ 

RCO 

N53 

T*0000 

N2058 

93 

113 

.262000006*00 

/ 

ROO 

M53 

T*0300 

N20S9 

92 

112 

.269000006*00 

/ 

ROO 

*53 

T*0000 

N2060 

90 

110 

.292000006*00 

/ 

RCO 

N53 

7*0000 

N2061 

88 

103 

. 226000 OOE*O0 

/ 

ROO 

M53 

1*0000 

N2062 

8b 

106 

.201000006*00 

/ 

RCO 

M53 

T*0000 

N2063 

89 

109 

. 193000006*00 

/ 

ROO 

M53 

T*0000 

N2069 

82 

102 

.690000006-01 

/ 

ROO 

M53 

T*0000 

N206S 

101 

121 

.710000006-01 

! 

RQO 

M53 

T* JOOC 

N2066 

103 

123 

.199000006*00 

/ 

ROO 

M53 

T *0000 

N2067 

105 

125 

.230000006*00 

/ 

ROO 

M5 3 

T *0000 

N2068 

107 

127 

.250000006*00 

/ 

ROO 

M53 

T*0000 

N2069 

109 

129 

.322000006*00 

/ 

ROD 

M53 

T *0000 

N2070 

111 

131 

.297000006*00 

/ 

ROO 

M53 

T*0000 

N2071 

113 

133 

.289000006*00 

/ 

ROO 

MS 3 

T*0000 

N2072 

112 

132 

.297000006*00 

/ 

ROO 

M53 

T *0000 

N2C73 

110 

130 

.322000006*00 

/ 

ROC 

M53 

T *0000 

N2079 

108 

128 

.250000006*00 

( 

ROO 

M53 

T*0000 

N2075 

106 

126 

.230000006*00 

/ 

ROD 

N53 

r*oooo 

N2076 

109 

129 

.199000006*00 

/ 

ROO 

MS3 

T*OOOC 

N2077 

102 

122 

.710000006-01 

/ 

ROO 

M53 

T*0000 

M2078 

121 

191 

. 770000U06-01 

/ 

RCO 

M53 

T *0000 

N2079 

123 

193 

.169000006*00 

/ 

RCO 

N53 

T*0000 

N2080 

125 

195 

.251000006*00 

/ 

ROO 

M53 

T*000C 

N2081 

127 

197 

.273000006*00 

/ 

RQO 

MS 3 

T*0000 

N2082 

129 

199 

.190000006*00 

/ 

ROO 

MS3 

T *0000 

M2083 

130 

150 

. 19000000E*00 

/ 

ROO 

M53 

T*COOO 

N208<* 

128 

198 

.273000006*00 

/ 

ROO 

M5 3 

T*0000 

M2085 

12o 

196 

.251000006*00 

/ 

ROO 

M53 

T*0000 

N2086 

129 

199 

. 169000006*00 

/ 

ROO 

M53 

r*oooo 

M2087 

122 

192 

. 770U00006-01 

/ 

RCO 

M53 

T*0000 

N2088 

195 

165 

.195000006*00 

/ 

ROO 

M53 

T *0000 

N2089 

197 

167 

.295000006*00 

/ 

ROO 

M53 

T*OOOC 

N2090 

199 

169 

.152000006*00 

/ 

RCO 

M53 

T*OCOO 

N2091 

150 

170 

.152000006*00 

/ 

RCO 

M53 

T *0000 

M2092 

198 

168 

.295000006*00 

/ 

ROC 

MS3 

r*ocoo 

N2053 

196 

166 

.195000006*00 

/ 

ROD 

M52 

T *0000 

N2102 

97 

67 

.90000000E-01 

/ 

RCO 

M52 

T*0000 

N2103 

67 

87 

.998000006-01 

/ 

ROD 

M52 

T*00QC 

M2 109 

87 

107 

• •.83000006-01 

/ 

RCO 

M32 

r+oooo 

N2105 

107 

127 

. 5 1300000E-01 

/ 

ROC 

M52 

T *0000 

N2106 

127 

197 

.535000006-01 

/ 

RCO 

M 52 

r*oooc 

M2 112 

98 

68 

.900000006-01 

/ 

RCO 

M52 

r*oooc 

M2 1 13 

68 

88 

.998000006-01 

/ 

ROO 

M52 

T*000C 

M2119 

88 

108 

,•.83000006-01 

/ 

ROC 

M52 

T+OOOC 

N2115 

1C8 

128 

.513000006-01 

/ 

RCO 

MS 2 

T+OOOC 

N2116 

128 

I9d 

.535000006-01 

f 

ROO 

M52 

T*OOOC 

N2 11 7 

198 

168 

.553000006-01 

/ 

ROD 

M51 

r*oooo 

N2120 

1 

3 

.197000006-01 

/ 

ROO 

M51 

T*0000 

N2121 

3 

5 

.312000006-01 
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21 

41 

. 70000 000E-01 

/ 

SPLATE 

*51 

T *0000 

91040 

61 

41 

43 

63 

• 7 OOOOOOOE-Ol 

/ 

SPLATE 

*51 

T *0000 

91041 

63 

43 

45 

65 

. 7 OOOOOOOE-Ol 

/ 

splate 

*51 

T *0000 

9104 2 

65 

45 

47 

67 

. 70000000E-0 1 

/ 

SPLATE 

*51 

T+0000 

91043 

67 

47 

49 

69 

. 7 OOOOOOOE-Ol 

/ 

SPLATE 

*51 

T *0000 

91044 

69 

49 

51 

71 

. 70000000E-01 

/ 

SPLATE 

*51 

T+0000 

91045 

71 

51 

53 

73 

70000 OOOE-Ol 

/ 

SPLATE 

*51 

T+0000 

91046 

73 

53 

52 

72 

.700000006-01 

/ 

SPLATE 

*51 

T+0000 

91047 

72 

52 

50 

70 

• 7 OOOOOOOE-Ol 

/ 

SPLATE 

*51 

r*ocoo 

91048 

70 

50 

48 

68 

• 70000000E-0 l 

/ 

SPLATE 

*51 

T *OoOO 

N1049 

68 

48 

46 

66 

. 7 OOOOOOOE-Ol 

/ 

SPLATE 

*51 

T+0000 

N1050 

66 

46 

44 

64 

• 7 OOOOOOOE-Ol 

/ 

SPLATE 

*51 

T *0000 

N1051 

64 

44 

42 

62 

.70000 OOOE-Ol 

/ 
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SPLATE 

M51 

T *0000 

N1052 

62 

42 

41 

61 

•70000000E-01 

/ 

SPLATE 

M51 

T *0000 

N1060 

81 

61 

63 

83 

. 70000 oooe-oi 

/ 

SPLATE 

M51 

T *0000 

N106 1 

83 

63 

65 

85 

. 70000000E-01 

/ 

SPLATE 

M51 

T *0000 

N1062 

85 

65 

67 

87 

.70Q0Q000E-01 

/ 

SPLATE 

M51 

r«oooo 

NX 06 3 

87 

67 

69 

89 

.70000000E-01 

/ 

SPLATE 

MSI 

T *0000 

N1064 

89 

69 

71 

91 

. 70000 QOOE-Ol 

/ 

SPLATE 

MSI 

T ♦0000 

NX06S 

91 

71 

73 

93 

. 70000000E-01 

/ 

SPLATE 

MSI 

T *0000 

NX 06 6 

93 

73 

72 

92 

. 700 00 OOOE-OI 

/ 

SPLATE 

M51 

T+0000 

NX067 

92 

72 

70 

90 

.700000006-01 

/ 

SPLATE 

M51 

T+3G00 

NX068 

90 

70 

68 

88 

.70000 000 E-Ol 

/ 

SPLATE 

M51 

T *0000 

NX 06 9 

88 

66 

66 

86 

. 70000 OOOE-OI 

/ 

SPLATE 

M51 

T ♦3000 

NX070 

86 

66 

64 

84 

.70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NX07X 

84 

64 

62 

82 

. 70000000E-01 

/ 

SPLATE 

M51 

T+COOO 

NXG72 

82 

62 

61 

81 

• 70000000E-0 1 

/ 

SPLATE 

M51 

T +0000 

NX 060 

101 

81 

83 

103 

• 70000000E— 01 

/ 

SPLATE 

M51 

T*OCOO 

Nxoax 

103 

83 

85 

105 

. 70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NX082 

X05 

85 

37 

107 

.700 00 OOOE-OI 

/ 

SPLATE 

M51 

T*COOO 

NX083 

107 

87 

89 

109 

. 70000000E— 01 

/ 

SPLATE 

M51 

T*0000 

N1084 

X09 

89 

91 

111 

.70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NX085 

XXX 

91 

93 

113 

. 70000000E-01 

/ 

SPLATE 

M5L 

T *0000 

NX086 

113 

93 

92 

112 

. 70000000E— 01 

/ 

SPLATE 

MSI 

T *0000 

NX087 

X12 

92 

90 

110 

. 70000000E-01 

/ 

SPLATE 

M51 

T 40000 

NX088 

X10 

90 

88 

108 

. 70000000 E-01 

/ 

SPLATE 

M51 

T *0000 

NX089 

X03 

88 

86 

106 

. 70000 OOOE-OI 

/ 

SPLA. E 

H51 

T+0000 

NX090 

X 06 

86 

34 

104 

. 70000000E-01 

/ 

SPLATE 

M51 

T*0000 

M 09 X 

104 

84 

82 

102 

.700000006-01 

/ 

SPLATE 

M51 

T+COOO 

N1092 

X02 

82 

81 

101 

. 70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NXXOO 

121 

101 

103 

123 

.700000006-01 

/ 

SPLATE 

M5i 

T *0000 

NXXOX 

123 

103 

105 

125 

. 7 C000000E-01 

/ 

SPLATE 

M51 

T*OOCO 

NXX02 

X25 

105 

107 

127 

.70000000E-01 

/ 

SPLATE 

M51 

T*oooa 

NXX03 

127 

107 

109 

129 

.700000006-01 

/ 

SPLATE 

M51 

T*0000 

M104 

129 

109 

111 

131 

. 7 OOOOOOOE— 01 

/ 

SPLATE 

M51 

T+0000 

NXX05 

131 

111 

113 

133 

. 7C000000E-01 

/ 

SPLATE 

MSI 

T*OCOO 

NXX06 

133 

113 

112 

132 

. 70000 OOOE-OI 

/ 

SPLATE 

M 5 1 

T *0000 

NXX07 

132 

112 

110 

130 

.700000006-01 

/ 

SPLATE 

M51 

T *0000 

NXX08 

X 30 

110 

108 

128 

.70000 OOOE-OI 

/ 

SPLAT? 

MSI 

T *0000 

NXX09 

128 

108 

106 

126 

. 7 OOOOQOOE-Ol 

/ 

SPLATE 

MSI 

T *0000 

NXXXO 

126 

106 

104 

124 

.70000 QOOE-Ol 

/ 

SPLATE 

M51 

T *0000 

NX XX X 

124 

104 

10 2 

122 

. 70000000E-01 

/ 

SPLATE 

MSI 

T+OoOO 

NXXX2 

122 

102 

101 

121 

. 70000000E-01 

/ 

SPLATE 

M51 

T *OOUO 

NXX20 

141 

121 

123 

143 

. 70000000E-01 

/ 

SPLATE 

M51 

T+0000 

NXX2X 

143 

123 

125 

145 

.70000 OOOE-OI 

/ 

SPLATE 

M51 

T *0000 

NXX22 

145 

125 

127 

147 

. 70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NXX23 

147 

127 

129 

149 

. 70000000E-01 

/ 

SPLATE 

M51 

1*0000 

NXX28 

150 

130 

128 

148 

. 700QQ000E-01 

/ 

SPLATE 

M51 

T *0000 

NX X29 

148 

128 

126 

1 4o 

.700000006-01 

/ 

SPLATE 

M51 

T+0000 

N1X30 

146 

126 

124 

144 

.700000006-01 

/ 

SPLATE 

M51 

T+0000 

NXX3X 

144 

124 

1 22 

142 

.700000006-01 

/ 

SPLATE 

MSI 

T *0000 

NXX32 

142 

122 

121 

141 

. 70000000E-01 

/ 

SPLATE 

M51 

T*OUOO 

N1142 

X6S 

145 

147 

167 

.70000 OOOE-OI 

/ 

SPLATE 

MS i 

T*O0OO 

N1143 

16 7 

14 7 

149 

169 

.700000006-01 

/ 

SPLATE 

M51 

T*OOOJ 

NX 143 

170 

150 

148 

168 

.700000006-01 

/ 

SPLATE 

M51 

T+OCOO 

N1149 

168 

148 

146 

166 

.70000000E-01 

/ 

SPLATE 

MSI 

T+OCOO 

NX 200 

1 

3 

4 

2 

.70000000E-01 

/ 

SPLATE 

M51 

T *0000 

NX20X 

3 

5 

6 

4 

. 70000000E-01 

/ 

SPLATE 

MSI 

T *0000 

NX202 

5 

7 

8 

6 

. 7000000QE-01 

/ 

SPLATE 

M51 

T *0000 

NX203 

7 

9 

10 

8 

.700000006-01 

/ 

SPLATE 

M51 

T *0000 

N1204 

9 

11 

12 

10 

.70000 OOOE-OI 

/ 

SPLATE 

M52 

T+0000 

NX205 

21 

23 

24 

22 

. 164000006*01 

/ 

SPLATE 

M52 

1*0000 

NX206 

23 

25 

26 

24 

.l6<t00000E*01 

/ 

SPLATE 

M52 

1*0000 

NX 20 7 

25 

27 

28 

26 

. 16*000006 *01 

/ 

SPLATE 

MS 2 

1*0000 

NX20d 

27 

29 

30 

28 

.164000006*01 

/ 

SPLATE 

M52 

1*0000 

N X 209 

29 

31 

32 

30 

. 16400000E *01 

/ 

SPLATE 

MS2 

T*0000 

NX2X0 

41 

43 

44 

42 

. 50000000E-01 

/ 

SPLATE 

M5 2 

T*0000 

NX2XX 

43 

45 

46 

44 

.500000006-01 

/ 

SPLATE 

M52 

T*0000 

NX2X2 

45 

47 

48 

46 

,*OOUOQOOE-Ol 

l 

SPLATE 

MS2 

T *0000 

NX 2X3 

47 

49 

50 

48 

.500000006-01 

/ 

SPLATE 

M52 

T+0000 

N1214 

49 

51 

52 

50 

.500000006-01 

! 

SPLATE 

M52 

T *0000 

NX2X5 

61 

63 

64 

62 

.500000006-01 

/ 

SPl ATE 

M52 

T*G000 

NX2X6 

63 

65 

66 

64 

.500000006-01 


SPLATE 

M52 

T*OCOO 

NX2X7 

65 

67 

68 

66 

.500000006-01 

! 

SPLATE 

M52 

T*0000 

NX2X8 

67 

69 

70 

68 

.500000006-01 

f 

SPLATE 

M52 

T40000 

NX2I9 

69 

71 

72 

70 

. 5 OoOOOOOE-Ol 

/ 
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splate 

M32 

T *0000 

N1220 

81 

83 

84 

82 

SPLAT6 

M52 

T *0000 

N1221 

83 

85 

86 

84 

SPLATE 

M52 

T *0000 

N1222 

85 

87 

88 

86 

SPLATE 

M52 

T *0000 

N1223 

87 

89 

90 

88 

SPLAT 6 

M52 

T *0000 

N1224 

89 

91 

92 

90 

SPLATE 

M52 

T *0000 

N122S 

101 

103 

104 

102 

SPLAT E 

M52 

T *0000 

N1226 

103 

105 

106 

104 

SPLATE 

M52 

T *0000 

N1227 

105 

107 

108 

106 

SPLATE 

M52 

T*0000 

N1228 

107 

109 

110 

108 

SPLATE 

H52 

T *0000 

N1229 

109 

111 

112 

110 

SPLATE 

M52 

T *0000 

N1230 

121 

123 

124 

122 

SPLATE 

M52 

T *0000 

N1231 

123 

125 

126 

124 

SPLATE 

NS2 

T *0000 

N1232 

125 

127 

123 

126 

SPLATE 

M52 

T *0000 

N1233 

127 

129 

130 

128 

SPLATE 

M52 

T*0000 

N1234 

129 

131 

132 

130 

SPLATE 

M52 

T *0000 

M235 

141 

143 

144 

142 

SPLATE 

M52 

T*0000 

N1236 

143 

145 

146 

144 

SPLATE 

M52 

T*0000 

N1237 

145 

147 

148 

146 

SPLATE 

M52 

T *0000 

N1238 

147 

149 

150 

148 

SPLATE 

M52 

T*0000 

M239 

165 

167 

168 

166 

SPLATE 

M52 

T *0000 

N1240 

167 

169 

170 

168 

SPLATE 

M55 

T*0000 

M301 

45 

25 

26 

46 

SPLATE 

M55 

T *0000 

N1302 

65 

45 

■*6 

66 

SPLATE 

M55 

T*0000 

N1303 

85 

65 

66 

86 

SPLATE 

M5 5 

T*0000 

N1304 

105 

85 

86 

106 

SPLATE 

MSS 

T *0000 

N1305 

125 

105 

106 

126 

SPLATE 

M55 

T *0000 

N1306 

145 

125 

126 

146 

SPLATE 

M55 

T *0000 

N1307 

165 

145 

146 

166 

SPLATE 

M55 

T+0000 

N1311 

49 

29 

30 

50 

SPLATE 

M55 

T *0000 

N1312 

69 

49 

50 

70 

SPLATE 

M55 

T+0000 

N1313 

89 

69 

70 

90 

SPLATE 

M55 

T+0000 

N1314 

109 

89 

90 

110 

SPLATE 

M55 

T+0000 

N1315 

129 

109 

no 

130 

SPLATE 

M55 

T *0000 

N1316 

149 

129 

130 

150 

SPLATE 

M55 

T+0000 

N1317 

169 

149 

150 

170 

GPL AT E 

M52 

T+0000 

N5000 

202 

176 

203 


.250000006*01 

25000000E+01 

0. 


/ 


GPLATE 

M52 

T +0000 

N5001 

201 

202 

242 


.250000006*00 

25000000E+00 

0 . 


/ 


GPLATE 

M52 

T+0000 

N5002 

202 

243 

242 


.250000006*00 

25000000E+00 

0 . 


/ 


GPLATE 

M52 

T+0000 

N5003 

202 

203 

243 


.250000006*00 

25000000E+00 

0 . 


/ 


7 ADDITIONAL ELEMENTS / 





ROD M53 

TO N7003 5 < 

6 .01 / 





ROD 

N70Q4 9 10 .01 / 





ROO M54 

TO N 7005 25 26 .01 / 





ROD M54 

TO N7006 2*3 30 .01 / 





SPLATE 

N7001 5 

6 26 25 .1 

/ 




SPLATE 

N7002 9 10 30 29 .1 

/ 




plate n54 to 

N7007 11 

12 13 .05 

/ 




plate 


N/OOB 31 

32 33 .05 

t 




PLATE 


N7005 51 

52 53 .05 

/ 




PLATE 


N 7010 71 

72 73 .05 

/ 




PLATE 


N70 1 1 91 

92 93 *05 

/ 




PLATE 


N7012 111 112 113 .05 / 




PLATE 


N7013 131 132 133 .05 / 




7 FUSELAGE 

BEAMS / 






BEAM M54 

to ; 

N60C1 304 

308 0. *»4 

9.524 

0. 4*4 

52.381 

/ 

REAM 

N6002 308 

310 0. 6*4 

52.381 

0. 4*4 

59.524 

/ 

BEAM 

N6003 310 

316 0. **4 

59.524 

0. 4*4 

80.952 

/ 

86AM 


N6004 316 

320 0. *»4 

80.952 

0. 4-4 

126.190 

/ 

BEAM 


N6005 320 

322 0. **4 

126.190 

0. 4-4 

106.101 

/ 

86AM 


N6006 322 

326 C. 4 

106.101 

0. *«4 

61.905 

/ 

BEAM 


N6007 326 

328 0. **4 

61.905 

0. 4*4 

100.000 

/ 

BEAM 


N600B 328 

24 2 0. *=4 

100.000 

0. 4*4 

106.625 

/ 

BEAM 

N6009 242 

243 0. **4 

106.625 

0. *«4 

123.810 

/ 

BEAM 

N6010 243 

246 0. 4*4 

123.810 

0. **4 

116.667 

/ 

BEAM 

N6011 246 

247 0. 4*4 

116.667 

0. 4*4 

164.286 

/ 

BEAM 

N6012 247 

334 0. 4*4 

164.286 

0. *«4 

169.048 

/ 

BEAM 


N6013 334 

338 0. 4*4 

169.048 

0. **4 

131.546 

/ 

BEAM 

N6014 338 

340 0. 4*4 

181.548 

0. *x4 

195.238 

/ 

BEAM 

N6015 340 

344 0. 4*4 

195.238 

0. 4-4 

140.476 

/ 


. 50000 OOOE-O l / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
.500000006-01 / 
• 50000000** n / 
.S0Q000CO6-O' / 
.800000006-01 / 
.800000006-01 / 
.100000006*00 / 
.100000006*00 / 
.100000006*00 I 
.100000006*00 / 
.100000006*00 / 
.100000006*00 / 
.100000006*00 / 
.100000006*00 / 
.100000006*00 / 
. 1 0000 000 E *00 / 
.1000000UE»00 / 
.100000006*00 / 
.100000006*00 / 
.100000006*00 / 
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BEAM 

N6016 

344 

348 

0 . 

*«4 140.476 

0 . 

•*4 

33.333 

/ 

BEAM 

N6017 

34 8 

352 

0 . 

*■4 33.333 

0. 

• >4 

47.619 

/ 

8EAM 

N6018 

352 

356 

0 . 

*«4 47.619 

0 . 

*■4 

33.709 

/ 

BEAM 

N6019 

356 

358 

0. 

*«4 33.709 

0 . 

*»4 

21.429 

/ 

BEAM 

N6020 

258 

360 

0 . 

•■4 21.429 

0. 

*■4 

26.191 

/ 

BEAM 

N602 1 

260 

364 

0 . 

•*4 26.191 

0. 

*•4 

9.524 

/ 

*/ HORIZONTAL TAIL 

BEAMS 

/ 






BEAM 

M54 TO N8001 

356 

401 

0 . 

0 • 0 . 1 00. i 

0. 100. 

/ 


BEAM 

N8002 

401 

402 

0. 

0. 0. 1.330 

0 . 

.5635 



0. 

0. 0. 1.033 

0. 

.427 

/ 





BEAM 

N8003 

402 

403 

0. 

0. 0. 1.033 

0 . 

.427 




0 . 0 . 0 . 

BEAM 

0 # 0 . 0 * 

BEAM 


.7419 0. .29 49 

N80C4 403 404 0. 
.4873 0. .181 

N80C5 404 405 0. 


0. 0. .7418 0. .2 949 

/ 

0. 0. .4873 


0. 0. 0. .2825 


.0981 


BEAM 

0 . 0 . 0 . 

BEAM 

0. 0. 0. .0775 
BEAM 

0 . 0 . 0 . 


NB 006 405 406 0. 
.1575 0. .04856 

N8007 406 407 0. 

0. .02236 
N8008 407 408 0. 

0. .00762 


.03 

ENO ELEMENT CATA / 

ENO STIFFNESS OATA / 
BEGIN MASS CATA / 

BEGIN CONCITION CATA / 
STAGE 1 CONOITION 100 
ENO CONOITION DATA / 
BEGIN MASS ELEMENT DATA 
*/ FUSELAGE MASSES / 


0. 0. .2825 
/ 

0. 0. .1575 
/ 

0. 0. .0775 
/ 


.181 
• 09B 1 
.04856 
.02236 


1 / 


SCALAR 

F2 

N326 

326 

29.3 

SCALAR 

F2 

N323 

328 

35.7 

SCALAR 

F2 

N330 

330 

42.6 

SCALAR 

F2 

N243 

243 

56.5 

SCALAR 

F2 

N246 

246 

30.2 

SCALAR 

F2 

N24 7 

24 7 

30.3 

SCALAR 

F2 

N332 

332 

18.0 

ENO MASS ELEMENT 

DATA 

/ 

BEGIN CONCENTRATEC MAS' 
■/ FUSELAGE WEIGHTS / 

1 DATA 

CM302 

304 

302 

2.4 

/ 

CM 304 

304 

304 

27.2 

/ 

CM306 

304 

306 

11.3 

/ 

CM303 

310 

308 

16.4 

/ 

CM310 

310 

310 

18.5 

/ 

CM312 

310 

312 

19.0 

/ 

CM314 

316 

314 

24.8 

/ 

CM316 

316 

316 

18.7 

/ 

CM318 

316 

318 

18.2 

/ 

CM320 

322 

320 

21.8 

/ 

CM322 

32 2 

322 

29.6 

/ 

CM324 

322 

324 

36.8 

/ 

CM336 

338 

336 

10.8 

/ 

CM338 

338 

338 

221.0 

0. 

CM342 

344 

342 

11.0 

/ 

CM 34 6 

344 

346 

11.8 

/ 

CM350 

352 

350 

16.1 

0. . 

CM354 

3 56 

354 

17.8 

/ 

CM356 

356 

356 

15.6 

/ 

CMJ60 

360 

360 

36.1 

0. , 

CM362 

364 

362 

12.9 

/ 

CM366 

364 

366 

5.9 

/ 

>/ HORIZONTAL TAIL WEIGHTS 

CM411 

401 

411 

I=HT 

1.920 

CM412 

402 

412 

I*HT 

1.588 

CM413 

403 

413 

I=»HT 

1.335 

CM414 

404 

414 

I=»HT 

1.080 

CM415 

4G5 

415 

I-*HT 

0.868 

CM416 

406 

416 

I«HT 

0.7 02 

CM417 

407 

417 

I=*HT 

0.5*3 

CM418 

408 

41 S 

I*HT 

0.245 


57450. 


,01 


.01 


11.406 

19.544 

15.368 

11.482 

8.627 

6.623 

4.987 

1.662 


2.56 
2.12 
1. 78 
1.44 
1.16 
0. 94 
0. 74 
0.33 


ENC CONCENTRATED MASS OATA 
ENO MASS OATA / 
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fee*. 



begin subset definition / 

SUBSETS OF STIFFNESS SET 1 / 

Ni * ACt / 

N2 • 242 TO 247 302 TO 366 / FUSELAGE NODES 

N3 - 401 TO 418 332 TO 360 / H0RI2. TAIL NOOES 

N4 • 1 TO 169 BY 2 / UPPER MING SURFACE 

NS - 2 TO 170 BY 2 13 TO 133 BY 20 / LOWER WING SURFACE 

N6 - 174 TO 247 / WING-BOOY 

£1 - ALL / 

E2 - CLOSEO IN N2 / 

E3 - closes in n3 / 

E4 * CLOSEO IN N4 / 

E5 - CLOSEO IN N5 / 

E6 - CLOSED IN N6 / 

ONI » 304 310 316 3 22 328 163 143 143 141 TO 1 BY -20 ♦ 

3 TO 143 BY 20 145 TO 5 BY -20 7 TO 167 BY 20 ♦ 

169 TO 9 BY -20 11 TO 131 BY 20 133 TO 13 BY -20 ♦ 

11 TO 1 BY -2 21 TO 33 BY 2 53 TO BY -2 61 TO 73 BY 2 ♦ 

93 TO 81 BY -2 101 TO 113 8Y 2 ♦ 

133 TO 121 BY -2 141 TO 149 BY 2 169 U7 165 328 243 169 243 ♦ 
247 338 344 352 356 360 364 360 356 401 TO 408 / 

ENO SUBSET DEFINITION / 

ENO PROBLEM DATA / 










m 


1*4 


311 

311 

313 

114 

31ft 

31ft 

32« 

323 

324 

32V 

lift 

242 
310 

243 
24ft 
24ft 

247 

3 

334 

331 

33ft 

340 

342 

344 

34ft 

34ft 

3S0 

3S2 

334 

3M 

JSft 

300 

312 

I 3ft 4 

)ftt 







Figure 205-2. Fuselage Model , F IREBEE Drone 
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Figure 205-7. Fourth Mode Shape, FIREBEE Drone 
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Figure 205-8* Sixth Mode Shape, FIREBEE Drone 
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206. BEAM VIBRATION (DECK 8) 

t. 

206.1 DESCRIPTION OF ANALYSES 

This problem demonstrates the various ATLAS mass natrix 
generation capabilities by using models of two cantilever beams: 

• A beam with a straight elastic axis, 
uniform stiffness properties and 
concentrated masses offset from the elastic axis 

• A beam of constant width and 
linearly varying depth along its span 

206.1.1 Beam with Offset Concentrated Masses 

The stiffness of this structure is modelled in two ways, both 
employing BEAM stiffness finite elements and concentrated masses: 

• Structural nodes are located at the concentrated mass 
locations and the BEAMS are offset to the elastic 
axis. This model, SET 1, is shown in figure 206-1 

• Structural nodes are located along the elastic axis 
and the concentrated masses are offset. This model, 

SET 2, is shown in figure 206-2 

Four different mass matrices are calculated for each of these 
stiffness models and a normal mode analysis performed with each. 
The mass matrices used are: 

• Guyan reduced mass matrix considering only the 
concentrated masses 

• Guyan reduced mass matrix considering only the mass 
of the stiffness model 

• Guyan reduced mass matrix considering both concentrated 
masses and stiffness element mass 

• Reduced mass matrices produced directly by the Mass 
Processor considering only the concentrated masses 

» 

In all cases the retained freedoms are the translation in the 
Z-direction and rotations about the X and Y axes. 


I 
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206.1.2 


Tapered Beam 


The structure analyzed is shown in figure 206-3. The 
stiffness of the structure is modelled in two ways: (1) with 

BEAM elements and (2) with 20-node BRICK elements. 

The BEAM model, SET 3, is shown in figure 206-4. Three 
different mass matrices are calculated using the mass of the 
stiffness elements and normal mode analyses performed. The mass 
matrices used are: 

• Guyan reduced mass matrix 

• Diagonal mass matrix produced directly by the 
Mass Processor 

• Nondiagonal mass matrix produced directly by 
the Mass Processor 

For all three analyses the retained degrees of freedom are 
translation in the Z-direction and rotation about the Y axis. 

The BRICK model, SET 4, is shown in figure 206-5. The mass 
matrix is obtained by Guyan reduction from the merged consistent 
elemental matrices. The retained degrees of freedo- are the X- 
and Z-direction translations at the BRICK corner nodes. 

206 .2 RESULTS 

206.2.1 Beam with Offset Concentrated Masses 

First mode frequencies for the eight vibration analyses are 
presented in table 206-1. It can be seen that, as expected, 
identical results are obtained from SET 1 and SET 2 when the same 
procedure is used to generate the mass matrix. Frequencies for 
the beam without concentrated masses are compared with exact 
values in table 206-2. The fourth mode shape for this case is 
compared with the exact shape in figure 206-6. Exact values for 
frequency and mode shape were obtained using the methods of 
reference 206-1. 

206.2.2 Tapered Beam 

Frequencies obtained from the three BEAM element analyses and 
the BRICK element analysis are compared with exact values given 
in reference 206-2 in table 206-3. The mode shape for the third 
mode is shown in figure 206-7 for the BEAM element stiffness 
model and Guyan reduced mass matrix. 
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LISTING OF CONTROL PROGRAM AND DATA 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 


c 

c 

c 


c 
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BEGIN CONTROL PROGRAM DEM008 

PROBLEM I D! QEM008 - VIBRATION ANALYSES WITH VARIOUS MASS MATRICES! 


PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS 

DECK ARE 

1. DIAGONAL REDUCED MASS MATRIX GENERATED BY 
MASS PROCESSOR 

2. NON-O I AGONAL REDUCED MASS MATRI. GENERATED 
BY NASS PROCESSOR 

3. GUVAN-RECUCED MASS MATRIX 

4. VIBRATION ANALYSES USING BOTH REDUCE!) 
STIFFNESS ANO REDUCED FLEXIBILITY MATRICES 


AUTHOR F. P. GRAY 


CORE 1 30K (OCTAL! 


REAO INPUT 

UNIFORM BEAN WITH OFFSET MASSES ' 

PRINT INPUTINODALl 
PRINT INPUT(STIFFNESS) 

PRINT INPUT ( MASS! 

EXECUTE EXTRACT I E XNAHE = SET 1 , LSUB=KGRI D. ESUB-t l .NSU3-NU 
EXECUTE GRAPHICS! GNAME=6EON.OFFLINE«CALCOMP, VI tW = lDO,TVPE«QRTh, 

X SIZE*! 20. ,20.1 ,LA8EL*N»E#EXNAME*SET1! 


GUTAN REDUCED MASS MATRIX, STIFFNESS ELEMENTS ONLY 


PERFORM RECUCEI SET-11 
PRINT INPUT16CI 

EXECUTE VIBRATION!STIF-KRED,MAS$=MREO.NFREO$*iO,SET»ll 
PRINT OUTPUKVIBRATION! 

PRINT INPUT! NODAL , SET = 21 
PRINT 1NPUTISTIFFNESS. SET-21 
PRINT INPUT (MASS, SET-2! 

EXECUTE EXTRACT! EXNAME-SET 2, LSUB-KGRI D.KSET-2 , E SU3=E 1 ,NSue«Nl 1 
EXECUTF GRAPHICS I GNAHE=GEOM, VZ— X, TYPE -ORTH, LABEL-N*E, 

X SIZE-120.,20.1 , EXNAME-SET 2! 

PERFORM REDUCE! SET-21 
PRINT 1NPUT1BC, SET-21 

EXECUTE VIBRATION! STIF-KR£0,MASS*MRED,NFRECS*I0,SET*2»VSET«2, 

X SUB SETS-N2 ) 

PRINT OUTPUT! VIBRATION, VSET-21 

EXECUTE EXTRACT! r XNAME-M00E4 , LSU3- VMODE , VSET-2 , NSUB-N2, MODE-4 , 

X b jUB=0N11 

EXECUTE GRAPHICS! CNAM E-NODE S.TYPE-ORTH.VSCTORZ- VNODE, SCALE-0.1, 
X VSCALE-15, VX-5.VY— 70,EXNAME-mODE4! 


SAME ANALYSIS USING REDUCED F’FXIBIUTV MATRIX 

EXECUTE CHOLESKYIDECO.KRED-DKPEDI 
EXECUTE CHOLESKY I IFOR ,DKR ED , DFREDI 
EXECUTE MULTIPLY! FRED-COFRED I TJ*DFRED]I 

EXECUTE V I8R ATI0N1 FLEX-f R ED, MASS-HR ED, NF FEDS- 10, SET-Z, VSET-21 
PRINT OUTPUT! VIBRATION, VSET-21 
PURGE FILES! MASSRNF 1 

GUYAN REDUCED MASS MATRIX, CONCENTRATED MASSES ONLY 
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PERFORM REOUCE! SET- 1 , [Aj-C*. STIF6LEN-0], 
l [M»SS>CMAS$,CCNM»SSMJ) 

EXECUTE VIBRATION (ST IF-KRED, MASS-MR EO, NFREQS- 10, SET- 1 1 

PRINT OUTPUTIVIBRATIONI 

PERFORM RECUCEI SET-2 , C*M A. STI FELEM-O], 

1 CMASSj*CMASS«CONMASS» Ijl 

EXECUTE V IBRATIONI STI F-KREO, MASS-MR ED, NFRECS-10, SET-2, VSET-2) 
PRINT OUTPUT! VIBRATION .VSET-2 I 
PURGE FILES(NASSRNF) 

GUVAN REOUCEO MASS MATRIX. STIFFNESS ELEMENTS ♦ CONCENTRATED MASS 

PERFORM REDUCE! SET-1. CM/ SS] -CMASS .CONMAS S- 1]I 
EXECUTE VIBRATION! STIF-KREO.MASS-MREO.NFREQS-lO.SET-l) 

PRINT OUT PUT ( V I8RAT iON) 

PERFORM REDUCE! SET-2, C«ASS> [MASS .CONMAS S- 1 ]) 

EXECUTE VIBRAT ION! ST IF-KRED, MASS-MR EO.NFREOS-IO, SET-2, VSET-2) 
PRINT UUTPUT(VI8RAT!ON, VSET-2! 

PURGE FILES(MASSRNF) 

DIAGONAL HASS MATRIX, CONCENTRATED MASSES ONLY 

PERFORM K-REDUCE 

EXECUTE MASS(SET-1, OPTION-2! 

EXECUTE VIBRATION (STI F-KRED « MASS-MDCOOIA .NFREOS-lO.SET-li 
PRINT OUTPUT! VIBRATION) 

NON-OI AGONAL MASS MATRIX, CONCENTRATED MASSES QNLV 

PURGE FILES! MASSRNF ) 

PERFORM K-REOUCE! SET-21 
EXECUTE MASS(SET-2. OPTION- il 

EXECUTE V IdRAT ION! STI F-KREO, MASS-MDCOOIB .NFREQS* 10, SET- 2. VSET-2) 
PRINT OUTPUTIVISfiATIGN, VSET-2) 

TAPERED BEAM 

BEAM ELEMENTS - GUYAN REOUCEO MASS MATRIX 

PRINT INPUTINOOAL. SET-3) 

PRINT INPUTISTIFFNESS. SET-31 

EXECUTE EXTR ACT! EXNAME-SET 3, LSUB-KGR ID. USE T-3.ESUB-E l, NSU8-N1) 
EXECUTE GRAPHICS! GNAME-GE OM, VIEW-1 00 .TYPE-LRTh.LABEL-N, 

X SIZE-120.. 20.) .EXNAME-SET3) 

PERFORM REDUCE! SET-3) 

PRINT INPUTIBC, SET-3) 

EXECUTE VIBRATION (ST I F-KREO . MASS- MRED, NFREQS* 10. SET-3.V SET-3) 
PRINT OUTPUT! VIBRATION. VScT-3) 

BEAM ELEMENTS - 0 1 AGONAL MASS MATRIX 

EXECUTE MASSISET-3, OPTION-2) 

EXECUTE VI8RATION(ST!F=KRE0.MASS»MOCO01C,NFR6QS«lO,SET«3,VSET*3) 
PRINT OUTPUT I VI BRAT ION, VSET* 3) 

BEAM ELEMENTS - NON-OIAGONAL MASS MATRIX 

EXECUTE MASS! SE T-3, CPT ION-3) 

EXECUTE VIBRATION (ST IP-KRED.MAS S-MQC0Q1C , NFREQS* 10.SET-3.VSET-3) 
PRINT OUTPUT! VI 8RAT ION, VSET- 3. NOGSTIF.NOGMASS) 

EXECUTE EXTRACT! EXNAME-M0DE3.LSU8-V MODE, VSET -3 ,M00fc-3,BSU3-0Nl 
EXECUTE GRAPHICS! GNAME-MOOES, TYPE -ORTH, VIEW-1000, VECTOR 2-VMOOE . 

X SCALE-0. l.VSCALE-25. .EXNAME-M0DE3I 

BRICK ELEMENTS - GUYAN RE0UC6D MASS MATRIX 

PRINT INPUT ( NOOAL , SET-A) 

PRINT INPUTISTIFFNESS. SET-AI 

EXECUTE EXTRACT! EXNAME-SETA, LSUB-KGRI D.KSET-A, ESUB-E1 .NSU8-NI ) 
EXECUTE GRAPH ICS! GNAME-GE OM, TYPE -OK TH.L A 8EL-E, SI ZF-! 20,20) , 

X RZ-60.RX-0.RY-30, EXNAME-SETA) 
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PERFORM RECUCEI SET-41 
PRINT INPUT! eC, SET-4) 

EXECUTE VI8RATION<STIF-KR£O.MASS-MREO»NFReOS-IO,SET»4,VSET» < >9) 
PRINT OUTPUT(ViafiAnON,WSeT-99l 
CALL PRNTCAT 

INOEX FIL £S( OATARNF * w IBRRNF ) 

END 


•/ 

*/ 

•/UNIFORM SEAM WITH OFFSET MASSFS 

• / 

*/ STRUCTURAL NODES AT CONCENTRATED MASS LOCATIONS 

• / 

BEGIN NODAL OATA / 
i 0. 0. 0. TO 15 70. 5. 0. / 

21 0 . 8 . 0 . / 

22 4. 7. 0. / 

23 11. 7. 0. / 

24 17. 4. 0. / 

25 23. 6. 0. / 

26 26. 4. 0. / 

27 31. 3. 0. / 

28 34. 7. 0. / 

29 39. 6. 0. / 

30 47. 4. 0. / 

31 51. 3. 0. / 

32 54. 2. 0. / 

33 60. 4. 0. / 

34 66. 6. 0. / 

35 71. 6. 0. / 

END NODAL DATA / 

BEGIN STIFFNESS DATA / 

8EGIN ELEMENT DATA / 

BEAM 21 22 12 1. 0. 0. .15 .15 .20 TO 34 35 14 15 / 

END ELEMENT DATA / 

END STIFFNESS DATA / 

BEGIN MASS DATA / 

BEGIN CONDITION DATA / 

STAGE 1 CONDITION 1001 / 

END CONDITION OATA / 

BEGIN CONCENTRATED MASS OATA 1 / 

21 1.0 *=3 / 

22 2.5 4. 4. 4. / 
x »13 1 -.1 *»3 / 

2ND CONCENTRATED MASS CATA / 

ENC MASS CATA / 

BEGIN BC DATA / 

SUPPORT TX TV T 2 RX RV RZ FUR 21 / 

RETAIN TZ RX RY FOR 22 TO 35 / 

END 8C DATA / 

• / 

»/ STRUCTURAL NODES ALONG ELASTIC AXIS 

• / 

BEGIN NODAL CATA / 

SET 2 / 

t 0. 0. 0. TO 15 70. 5. 3. / 

21 0 . 8 . 0 . / 

22 4. 7. 0. / 

23 11. 7. 0. / 

24 17. 4. 0. / 

25 23. 6. 0. / 

26 26. 4. 0. / 

27 31. 3. 0. / 


/ 

/ 

/ 

/ 

/ 

/ 


/ 

/ 

/ 
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£8 34. 7. 0. / 

29 39. 6. 0. / 

30 47. 4. 0. / 

31 51. 3. 0. / 

32 54. 2. 0. / 

33 60. 4. 0. / 

34 66. 6. 0. / 

35 71. 6. 0. / 

ENO NO CAL OA'IA / 

BEGIN STIFFNESS OATA / 

SET 2 / 

BEGIN ELEMENT OATA / 

BEAM 1 2 1.0 0. 0. .15 .15 .20 TO 14 15 / 

ENO E.EMENT OATA i 
ENO STIFFNESS DATA / 

BEGIN MASS OATA / 

SET 2 7 

BEGIN CONOITION DATA / 

STAGE 1 CONOITION 1001 / 

ENC CONDITION OATA / 

BEGIN CONCENTRATED MASS DATA 1 
1 21 1.0 **3 / 

2 22 2.5 4. 4 . 4. / 

*♦13 1 1 -.1 *»3 / 

ENC CONCENTRATED MASS OATA l 
ENO MASS OATA / 

BEGIN BC OATA / 

SET 2 / 

SUPPORT TX TV T L RX KY R2 FOR i / 

RETAIN T2 RX RV FOR 2 TO 15 / 

END BC DATA / 

*/ 

*7 

*7 TAPERED BEAM 

*7 

*/ BEAM ELEMENT MODEL 

*7 


BEGIN NODAL CAT A 7 
SET 3 7 

100 0. 0. 0. TO 120 100 
ENC NO CAL OATA 7 
BEGIN STIFFNESS DATA 7 


. 0 * 0 . 


SE 

BEG 


3 7 

IN ELEMENT DATA 


BEAM 

100 

101 

10 . 

0 . 0 . 0 . 

0 . 83.3333 

9.6 0 . 

0 . 0 . 

0 . 73 . 72 H 

/ 


101 

.02 

9.6 

*4 

73. 72 8 

9.2 

*4 

64. 8 9 '.'7 

/ 

* 

102 

103 

9.2 

*4 

64.8907 

8 . 8 

♦4 

56.7893 

/ 

♦ 

103 

104 

8.8 

*4 

56. 7893 

8.4 

*4 

49. ..920 

/ 

* 

1 (J 4 

105 

8.4 

*4 

49.3920 

8.0 

•4 

42.6667 

/ 

♦ 

105 

106 

8.0 

*4 

42.6667 

7.4 

*4 

36.5813 

/ 

♦ 

106 

107 

7.6 

*4 

36.5813 

7.2 

*4 

31.1041 

/ 

* 

107 

108 

7.2 

*4 

31. 1040 

8 

* . 

26.2027 

/ 

* 

1 C 8 

109 

6.8 

• 4 

26.2027 

S .4 

*4 

21 . d 453 

/ 

♦ 

109 

110 

6.4 

*4 

2 1.8453 

6.0 

*4 

18.0000 

/ 

* 

110 

111 

6.0 

*4 

18.0000 

5.6 

*4 

14.6347 

/ 

* 

111 

112 

5.6 

*4 

14.6347 

5.2 

•4 

11.7173 

/ 

* 

112 

113 

5.2 

*4 

11. 7173 

4 . 8 

•4 

C 2160 

/ 

♦ 

113 

114 

4.8 

*4 

9.216 

4.4 

*4 

7.0987 

/ 

* 

114 

115 

4.4 

*4 

7.0987 

4.0 

*4 

5.3333 

/ 

♦ 

115 

116 

4.0 

*4 

5.3333 

3.6 

*4 

3.8880 

/ 

♦ 

116 

117 

3.6 

*4 

3.8880 

3.2 

*4 

2.7307 

/ 

• 

117 

118 

3.2 

*4 

2.7307 

2.8 

♦4 

1.8293 

/ 

• 

118 

119 

2.8 

*4 

1.8293 

2.4 

94 

U 152.0 

/ 

* 

119 

120 

2.4 

*4 

1.1520 

2.0 

*4 

.466 7 

/ 

END 

ELEMENT CATA 

7 







ENO STIFFNESS OATA / 

BEGIN SC OATA 7 

SET 3 7 

RETAIN TZ RV FOR 102 TO 120 BV .7 7 

SUPPORT TX TV TZ RX RV RZ FbR .00 

ENO BC OATA 

BEGIN MASS OATA 7 

SET 3 7 


7 

7 

7 

7 

7 

7 
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BEGIN CQNCITIUN DATA / 

STAGE l CONOITION l X 

ENO CONOITION OATA / 

END NASS OATA / 

*/ 

‘ •/ BRICK ELEMENT NOOEL 

*/ 

BEGIN NOOAL OATA / 

SET A / 

REC JUNK l. 0. 0. 2. 0. 0. 04 0. 1. 

100 0. S. TO 120 100. -.5 1. 

200 0. .5 S. TO 220 100. .5 1. 

300 0. .5 -5. TO 320 100. .5 -1. 

i *00 0. -.5 -5. TO *20 100. -.5 -1. 

SOO 0. 0. 5. TO 510 100. 0. 1. 

600 0. .5 0. TO 610 100. .5 0. 

700 0. 0. -5. TO 710 100. 0. -1. 

800 0 .5 0. TO 810 100. >.5 0. 

ENC C . OATA / 

BEGIN 3 .'IFFNESS OATA / 

SET * / 

BEGIN ELEMENT OATA / 

BRICK ICO 2 00 300 *00 102 202 302 *02 SOO 600 700 800 


SOI 601 701 801 101 201 301 *01 / 

•♦9 0 2 *»7 1 **7 i **3 / 

ENC ELEMENT CATA / 

ENO STIFFNESS CATA / 

BEGIN OC OATA / 

SET * / 

ORDER RETAIN BV INTERNAL 1 0 / 

RETAIN TX TZ FOR 102 TO 120 BY 2 / 

*♦3 0 *«3 ICO 0 ICO 0 0 / 

SUPPORT TX TV TZ RX RV PZ FOR 100 TO BOO BY 100 / 

SUPPORT TV FOR 100 TO 100C / 

ENO 8C OATA / 

BEGIN SUBSET DEFINITION / 

SUBSETS OF STIFFNESS SET 1 / 

N1 = ALL / 

El * ALL / 

SUBSETS OF STIFFNESS SET 2 / 

Nl » ALL / 

El « ALL i 

N2 * 1 TO 15 / 

ONI * 2 TO 15 / 

SUBSETS OF STIFFNESS SET 3 / 

Nl = ALL / 

El * ALL / 

ONI * 102 TO 120 BY 2 / 

SUBSETS OF STIFFNESS SET * / 

Nl * ALL I 

El * ALL / 

ENC SUBSET DEFINITION / 

ENO PROBLEM CATA / 


/ 

/ 

/ 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 
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Table 206-1. First Mode Frequencies for 
Uniform Beam with Offset Masses 


] 

toss Matrix 

Stiffness Model | 



SET 1 

SET 2 


Concentrated 

' masses only 

.5.518 179 

5.518 179 

a) 

o 

d 

X 

a) *h 
pd m 

Stiffness elements 
only 

10.182 41 

10.182 41 

c « 

<3 

Concentrated masses 
♦ Stiffness elements 

4.852 565 

4.852 565 

Concentrated masses only 
produced by Mass Processor 

5.518 179 

5.518 179 


Frequencies in Hertz 



























Table 206-3* Natural Frequencies of Tapered Beam 




Frequency (Herta) 

Sttfrness 

Model 

Mess 

Matrix 

Mode 1 

W 39 - 5196 

Mode 2 

f .*144.931 

exact 

Mode' 3 

f ex,ct- 339 “ 6 



ATLAS 

XError 

ATLAS 

XError 

ATLAS 

XError 

BEAM 

Diagonal 

Lumped 

39.1177 


- 1.0 

138.441 

-4.5 

307.584 


-9.4 

BEAM 

Non -Diagonal 
Lumped 

39.5951 


0.2 

144.394 

-0.4 

332.875 


-2.0 

BEAM 

Guyan 

39.5794 


0.0 

144.566 

-0.3 

336.253 


- 1.0 

BRICK 

Guyan 

41.4888 


6.2 

150.553 

3.9 

347.329 


2.3 


2 06 . 10 



















Figure 206-1. Beam Model with Structural Nodes at Concentrated Mass 
C.G.'s (SET I) 
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Figure 206-2* Beam Model with Structural Nodes at Elastic Axis (SET 2) 
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Figure 206-4. BEAM Element Model of Tapered Beam (SET 3) 
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Figure 206-5* BRICK Element Model of Tapered Beam (SET 4) 
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Figure 206-6 


Fourth Mode Shape, Uniform Beam without 
Concentrated Masses ( SET 2 ) 
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207. BUCKLING AND SUPERPOSITION (DECK 13) 


207.1 DESCRIPTION OP ANALYSES 

Two separate analyses are performed in this demonstration 
problem. The first is a buckling analysis and the second is a 
stress analysis demonstrating the ATLAS superposition capability. 

Buckling loads are calculated for a plane frame with equal 
concentrated loads at the column tops. The model and loading are 
shorn in figure 207-1. Translations in the X and Y-directions 
and rotation about the Z axis are retained at all nodes except 
where a freedom is supported. 

Superposition is demonstrated by performing a stress analysis 
of the structure in figure 207-1 loaded as shown in figure 207-2 
in two ways. The first analysis is performed using the total 
model and total loads as shown in figure 207-2. The second 
analysis takes advantage of the symmetry of the structure. SET 2 
is defined as shown in figure 207-3. STAGE 1 is defined to have 
symmetry on section A-A with the symmetric load components 
applied. STAGE 2 is defined to have antisymmetry on section A-A 
with the antisymmetric load components applied. The total 
solution is obtained by adding 5 times the solution from STAGE 1 
to 2 times the solution from STAGE 2. 

In addition to the two analysis capabilities described a’ 
this problem is used to demonstrate the capability to produc. 
graphs of element stress vs . load case and plots of 
displacements. Four loadcases were added to SET 1 to demonstrate 
stress vs. loadcase graphs (BEAMl , BEAM2, BEAM3 and BEAM4) . 

These cases consist of distributed loading along part or all of 
the horizontal beam. To demonstrate displacement plots loadcase 
MOVE1 was added. This case consists of a unit displacement in 
the X-direction at node 1. 

207.2 RESULTS 

Critical buckling loads for the first six modes were 
calculated and are presented in table 207-1 . Also presented are 
analytical solutions obtained using the techniques of reference 
207-1 . The buckled shape for the third mode is shown in figure 
207-4 along with the shape obtained using the techniques of 
reference 207-1. 

Nodal displacements and element stresses calculated by 
superimposing STAGES 1 and 2 of SET 2 are identical to those 
calculated from SET 1 within the accuracy of the computer. 
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Figure 207-5 presents a graph of bending moment at the left 
end of the beam vs. ioi.icase for loadcases BEAM1 through BEAM4. 

Displacements due to motion of the left support are shown in 
figure 207-6. 




207.2 



oonn noor>or»ooonono 


207.3 


LISTING OP CONTROL PROGRAM AND DATA 


BEGIN CONTROL PROGRAM DEMO 13 

PROBLEM IDICEM013 - BUCKLING ANO SUPERPOSITION) 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BV THIS 

DECK ARE 

1. BUCKLING 

2. SUPERPOSITION 

3. PLOTS OF BUCKLING MODE SHAPES 

4. PLOTS CF STRESS VS. LOADCASE 

5. PLOTS OF STATIC DISPLACEMENTS 

AUTHOR R. A. SAMUEL 


CORE 130k (OCTAL) 

READ INPUTIMC0E2) 

PRINT INPUT (NODAL ) 

PRINT INPUT(STIFFNESS) 

PRINT INPUT ( NODAL .SET -21 
PRINT INPUT! STIFFNESS. SET-21 

EXECUTE EXTAACTIEXNAME-10T AL.LSU3-KGR ID. ESUB-E1 .NSUB-Nl) 

EXECUTE GRAPHICSIGNAHE-GEOME TRY .OFFLINE-CALCOMP, VIEW-100. 

X T VPE-ORTM. LABEL- N*E . SI2E-I 10 .15), EXNAME -TOTAL) 

EXECUTE EXTRACT! EXNAME-HALF . LSU3-KGR 1 0.ESU3-E 1 .NSUB-Nl . KSET-2) 
EXECUTE GRAPHICS! GNAME-6E0ME TRT, VI EN-100, T VPE-ORTH, LA6EL-N+E, 

X SIZE-! 10, IS) .EXNAME* HALF) 

BUCKLING AND STRESS ANALYSES 

SET l 


PERFORM fi-STRESS 
PRINT INPUT I BC) 

PRINT OUTPUT! LOADS >l2*L21) 

PRINT OUTPUTIOISP) 

PRINT OUTPUT! STRESS) 

EXECUTE EXTRACTIEXNAME-BEAM4.LSUB-STKESS.LC-BEAM1 TO BEAM*. 

X ESU8-E2, NSUB-Nl) 

EXECUTE GRAPHICS! GNAME-MOMENT, TYPE-GRAPH, X-LC, V1-BMM2 1 1 ) , 

X XMIN-l.XMAX-6, Y1MIN-0., Y1MAX-40. , S IZE- 1 10 , 10 ) , 

X EXNAME-BEAN4) 

EXECUTE EXTRACT! E XNAME-DEFL, LSUB-OI SGR ID,E SUB-E1 ,NSUB-N1, 

X LC-MOVE 1) 

EXECUTE GRAPhICSI GNAME-OI SPL , TYPE-OR TH, SCALE- .2, V IE4-100, 

X VECT0K2-DI SPtVSCALE-l. • EXNAHE-DEFL) 

EXECUTE STIFFNESSUC-COtMLD.BSET-l) 

EXECUTE MERGE (GST IF ,B SET-1 ,KG22-22) 

EXECUTE BUCKLING! STIF-KREaKG«KG22,3SET*l) 

PRINT OUTPUT (BUCKLING.BSET- l ) 

execute extract iexname-nooe3,lsub*bmude,bset-i, mode- 3, bsub-ond 

EXECUTE GRAPHICSIGNAME-BUCKLING, t ype-orth. VIEW-100, 

X SCALE-12, VECT0R2-BMU0E, VSCAL E-3. , 

X EXNAME-M00E3) 

C 

C STRESS ANALYSIS - SET 2 

C (SUPERPOSITION) 

C 

PURGE F 1 L ES I HERGRNF , MULTRNF ,CHOLR NF ) 

PERFORM STRESS! SET-2) 

PRINT INPUTIBC.SET-Z, STAGE-11 
PRINT OUTPUT I LOADS, SET-2,L1-L11) 

PURGE FILESI MERGRNF , MULTRNF .ChOLRNF ) 

PERFORM STRESS! SET-2, STAGE-2) 

PRINT INPUTIBC, SET-2. STAGE-2) 

PRINT OUTPUTILOADS, SE T-J.STACE-2, LI *L il) 
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EXECUTE STRESS! SEW. SUPSTAGE-31 
PRINT OUTPUTIOISP. SEW, STAGE-31 
PRINT OUTPUT | STRESS, SET-2, ST AGE-3) 
ENO CONTROL PROGRAM 


BEGIN NODAL OATA 

SET I / COMPLETE MODEL 


I 

4 

8 


0 . 0 . 


TO 

TO 

TO 


REORDER FROM -1 
SET 2 / HALF MODEL 

1 0. 0. 0. TO 

4 TO 

REOROER FROM -1 
END NOCAL OATA 
BEGIN STIFFNESS DATA 

SET l t COMPLETE MOOEL 
BEGIN ELEMENT OATA 


4 

8 

21 


4 

6 


0. 

24. 

24. 


0. 

12 . 


12 . 

12 . 

0. 


12 . 

12 . 


0. 

0 . 

0. 


0 . 

0 . 


BEAM 

N 1 

1 

2 

II 

10000. 

11 

TO 

N3 3 

4 

11 

BEAM 

N4 

4 

5 

11 

10000. 

21 

TO 

N7 7 

8 

11 

BEAM 

N8 

a 

9 

1 

10000. 

1. 

TO 

N10 

10 

11 1 


ENO ELEMENT OATA 
SET 2 / HALF MODEL 

BEGIN ELEMENT DATA 

BEAM Ml 1 2 6 10000. 1, TO N3 
BEAM N4 4 5 1 10000. 2* TO NS 
END ELEMENT OATA 
ENO STIFFNESS OATA 
BEGIN 8C OATA 

SET 1 STAGE 1 / BC FOR BUCKLING ANO STRESS ANALYSES 


3 4 
S 6 


SUPPORT 

TX 

TV 

FOR 

1 

11 

RETAIN 

TX 

TV R2 

FOR 

2 

TO 10 

RETAIN 

RZ 


FOR 

l 

11 


SET 2 STAGE 1 / SYMMETRIC BC 


SUPPORT TX TY 


FUR 


SUPPORT ASYM IN SURFACE 1 THROUGH ft 
SET 2 STAGE 2 / ANTISYMMETRIC BC 
SUPPORT TX TY FOR 1 

SUPPORT SYMM IN SURFACE I THROUGH 6 
ENO BC OATA 
BEGIN LOADS CATA 
SET l STAGE 1 

LO AC CASE IC COLMLO MUNIT LOAO CONDITION FOR BUCKLING ANALYSIS* 
•♦LOAO CASE FOR SUPERPOSITION DEMONSTRATION* 
•*l LB/INCH LOAO ON BEAM 4 * 

**1 LB/INCH LOAO ON BEAMS 4 ANO 5 * 

«*1 LB/INCH LOAO ON BEAMS 4, 5 ANO 6 * 

**1 LB/INCH LOAO ON BEAMS 4, 5, 6 ANO 7* 

LOAO CASE 10 M0VE1 «*UNIT X DISPLACEMENT AT NODE 1* 

BEGIN NODAL LOAO OATA 


10 TOTAL 
IC BEAM1 


LOAO CASE 
LOAO CASE 
LOAO CASE ID BEAM2 
LOAO CASE ID BEAM3 
LOAO CASE IC BEAM4 


CASE COLMLO 

4 8 FY -I. 

CASE TOT*'. 

4 FX 1. FY -3. 

3 FX -3. FY -7. 

ENC NODAL LOAD OATA 
BEGIN ELEMENT LCAD OATA 
DIRECTION 0. 1. 0. 

CASE B6AM1 

4 I. 
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CASE BEAM2 
4 5 1. 

CASE BEAMS 

4 5 6 1. 

CASE BEAM4 

4 TO 7 1. 

ENC ELEMENT LOAC DATA 
BEGIN SUPPORT DISPLACEMENT OATA 
CASE MOVE l 
1 TX 1. 

ENO SUPPORT DISPLACEMENT OATA 
SET 2 STAGE 1 

LOAO CASE 10 SYMPART •♦SYMMETRIC PART CP LOADCASE TOTAL ♦ 
BEGIN NODAL LOAO OATA 
CASE SYMPART 

4 FX .4 FV -l. 

ENC NODAL LOAO CATA 
SET 2 STAGE 2 

LOAO CASE 10 ASPPAAT •♦ANTISYMMETRIC PART OF LOADCASE TOTALY 
BEGIN NODAL LOAO OATA 
CASE ASMPART 

4 FX -.5 FV 1. 

ENC NOOAL LOAO OATA 
fcNO LOAOS OATA 
BEGIN STRESS OATA 
SET 2 

SUPSTAGE 3 

TOTAL 1 5. SYMPART . 2 2. ASMPART 

LOAO CASE ID TOTAL •♦SAME AS LOAOCASE TuTAL IN SET 1 ♦ 

ENO STRESS DATA 
BEGIN SUBSET DEFINITION 

SUBSETS OF STIFFNESS SET 1 
El - ALL 
E2 - 4 
N1 « ALL 
ONI * 1 •-10*1 
SUBSETS OF STIFFNESS SET 2 
El * ALL 
N1 » ALL 

ENO SUBSET DEFINITION 
cNO PROBLEM OATA 
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Table 207-1. Critical Load Values 
for Plane Frame 


(1) 

(2) 

(3) 

(ft) 

Mode 

K 

K 

x ioo 

Number 

"ef. 207-1) 

(ATLAS) 

(2) 

<*> 

1 

1.349 553 

1.349 558 

0.0 

2 

3.590 681 

3.594 686 

0.1 

3 

4.111 618 

4.118 577 

0.2 

4 

6.566 437 

6.638 602 

1.1 

5 

6.992 352 

7.073 246 

1.2 

6 

9.625 433 

10.6 54 702 

10.7 


p 


cr 


K-EI 

i 2 


* 
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Material— Ml 


® 0*305 m 
(12 in) 





itructural Model and Loading for Buckl ing Analysis 
SET I) 





Figure 207-2- Loading for Superposition Demonstration 
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Figure 





3 


i 

Symmetry 


STAGE I 


7JW7 



i 

Antisymmetry 


STAGE 2 

2 


1 

^77T 


207-3. Half-Models for Superposition Demonstration (SET 2) 
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Undeformed 



E ID . VALUE 5 . 1 23E+07 


Figure 207-M-. Buckled Shape for Third Mode of Frame 
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Figure 207-5- Bending Moment at End of Beam 
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Case BEAM4 



Figure 207-6. Frame Displacements Due to Support Motion 
(Loadcase MOVE! ) 
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208. FUEL AND PAYLOAD MANAGEMENT (DECK 16) 


208.1 DESCRIPTION OF ANALYSIS 

This problem demonstrates the ATLAS capabilities for 
calculating weights based upon user specified management 
sequences for fuel and payload. 

The mass model is shown in figure 208-1; no stiffness element 
model is used. Locations of the fuel tanks and body cargo holds 
are shown in figure 208-2. Passenger seating is two abreast in 
the half airplane model spaced at 1.02 m (40 in). 

The first fuel management sequence is as follows: 

• The tanks are loaded until not quite full such that the 
weight ratio of tanks 11 and 12 is 4:3 and tanks 21 
and 22 is 1:1 

• Fuel is used from tanks 11 and 12 in proportion to 
their weights until their total equals the total of 
tanks 21, 22 and 31 

• All fuel in tank 12 is transferred to tank 11 

• Fuel is used from tanks 11, 21 and 22 at rates in the 
ratio of 2:1:1 until the weight of fuel in tank 21 is 
6803.9kg (15 000 lb) 

• Fuel is used from tanks 11, 21 and 31 in rough 
proportion to their weights until all are empty 

The second sequence loads all tanks until full to demonstrate the 
system*s ability to calculate fuel capacities. 

The payload sequence specifies that the cargo holds are 
partially loaded from the bottom with the forward hold being 
loaded before the aft hold. Passengers are loaded from each end. 

In addition to the fuel and payload sequences described 
above, two loading sequences are defined for the purpose of 
generating a loadability diagram. In the first of these 
sequences passengers are loaded from fore to aft with all window 
seats loaded before any aisle seats. Cargo is also loaded from 
fore to aft. The second sequence is similar to the first except 
that loading occurs in the aft to forward direction. 


i 


208.1 




208.2 RESULTS 

The loadability diagram resulting from the last two loading 
sequences is shown in figure 208-3. 
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208.3 LISTING OP CONTROL PROGRAM AND DATA 


( 


BEGIN CONTROL PROGRAM 0EM0I6 

PROBLEM I C( DEM016 - FUEL AND PAYLOAD MANAGEMENT) 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS 

DECK ARE 

1. FUEL AND PAYLOAD MANAGEMENT 

2. LOAOAB I L I TY DIAGRAM GENERATION 


AUTHOR R. A. MOOOUARO 


C CORE 1 30 K (OCTAL) 

C 

READ INPUT 

print input (nodal) 

PRINT INPUT(MASS) 

EXECUTE £xTRACr(£XNAN£«MASSGPD.LSUB-NGRlD,ESUB*E5.NSUB«f 
EXECUTE GRAPH ICS ( GNAME* GEOM. OFFl I NE-CALCOHP, TYPE* IORTM.PO «.i I) , 

X SI 2E-I20.20) ,R2*30.RX«0 ,RY*20»EXNAME«MASSGRD) 

EXECUTE MASS (OPT ION* 1) 

PRINT OUTPUT ( M ASS, FUEL. T A BLES. TANKS* 22 .PAYLOAD* 22, HOC* MDC***A) 
EXECUTE EXTRACT (EXNAME*LOAOAB.LSUB*LOADAB. PC0ND-2O.PCOND* 30. 

I CC0ND*20 >CCOND*30. FCONO* 15 .FCOND*15 ) 

EXECUTE GRAPHICS(GNAME*L0A0A6.S I2E* 1 10* 101. 

1 LWLNE-5AOOOO., HTINC-20000. .FCGLNE-6. .LCGLNE-36. . 

2 DATUM. 21., CGINC-3..LEMAC* 1600., MAC- 1100.. 

3 FUELFAC*2.» PASSFAC-2. , C ARGOF AC* 2. • CGTOL* 1. , 

4 OEUFAC-2. .EX NAME* LOAOAB, TYPE-GRAPH) 

END CONTROL PROGRAM 


il 


? 


i 


J 


wiginal page is 

* P0 °P QUALITY 


•'1 

'd 

1 
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* 


•/M00E2/ 

BEGIN NODAL CATA 


1 

20. 0. 

1. 

TO 

9 

340. 

0. 


65. 

BY 

2 

101 

20. 0. 

-1. 

TO 

109 

340. 

0. 

-65. 

BY 

2 

201 

20. 1. 

0. 

TO 

204 

340. 

65. 


0. 

BY 

2 

11 

420. 0. 

65. 

TO 

83 

3300. 

0. 


65. 

BY 

2 

111 

420. 0. 

-65. 

TP 

189 

3 540. 

0. 

-65. 

BY 

2 

211 

420. 65. 

0. 

ro 

225 

780. 

65. 


0. 

BY 

2 

265 

2580. 65. 

0. 

TO 

277 

3060. 

65. 


0. 

BY 

2 

287 

3460. 65. 

0. 

TO 

289 

3 540. 

65. 


0. 

BY 

2 

•/ 

MING COORDINATES 









227 

1060. 65. 

0. 26.25 

TO 

245 

1780. 

65. 

0. 

36.35 

BY 

2 

2*5 



TO 

255 

2180. 

65. 

0. 

28.6 

BY 

2 

255 



TO 

263 

2 jOO. 

65. 

0. 

12.0 

BY 

2 

32 7 

1060. 65. 

0. 26.25 

TO 

341 

1620. 

265. 

0. 

8.85 

BY 

2 

445 

1780. 155. 

0. 22.65 

TO 

455 

2180. 

195. 

0. 

20.15 

BY 

2 

541 

1620. 265. 

0. 8.85 

TO 

551 

2205. 

455. 

0. 

5.75 

BY 

2 

651 

2205. 455. 

0. 5.75 

TO 

656 

2545. 

594. 

0. 

3.2 



756 

2545. 554. 

0. 3.2 

TO 

760 

2875. 

765. 

0. 

.95 



7oO 



TO 

763 

2995. 

765. 

0. 

1.85 



341 



TO 

355 

2180. 

255. 

0. 

20.15 

BY 

2 

355 



TO 

363 

2 500. 

265. 

0. 

11.25 

BY 

2 

551 



TO 

5a9 

2525. 

455. 

0. 

10. 0 



559 



TO 

563 

2685. 

455. 

0. 

5.0 



656 



TO 

659 

2665. 

594. 

0. 

4.85 



659 



TO 

663 

2825. 

594. 

0. 

2.45 



*/ 

HCRtZON.AL TA 

IL 









279 

'-<140. 65. 0. 

1.80 









779 

- .40. 65- 0. 

1.80 TO 979 

3365. 

200. 0. 

1.25 

ev 

100 



281 

3220. 65. 0. 

4.25 









781 

3220. 65. 0. 

4.25 TO 981 

3388. 

200. 0. 

1.75 

BY 

100 



283 

3300. 65. 0. 

4.55 









783 

3300. 65. 0. 

4.55 TO 983 

3412. 

200. 0. 

1.80 

8V 

100 



285 

3380. 65. 0. 

1.40 









785 

3380. 65. 0. 

1.40 TO 985 

3435. 

200. 0. 

o 

00 

• 

BY 

100 




*/ VERTICAL TAIL 


REC 

REC1 0 

. 0 . 0 . 

1 . 0 . 

0. 

0 . - 

1 . 0 . 





85 3380. 65 

. 0. 

3.25 








87 3460. 65 

. 0 . 

2.40 








1085 

3460. 

140. 0. 

1.50 








1087 

3500. 

14C. 0. 

1.80 








*/ 

MING FIN 









1156 

2545. 

.1 -594. 

2.40 

TO 

1356 

2830. 

100. -594. 

1.80 

BY 

100 

1158 

2625. 

.1 -594. 

2.40 

TO 

1358 

2 842. 

100. -594. 

1.90 

BY 

100 

1161 

2745. 

.1 -594. 

2.30 

TO 

1361 

2 859. 

100. -594. 

1.95 

BY 

100 

1163 

2825. 

. 1 -594. 

2.80 

TO 

1363 

2 870. 

100. -594. 

2.05 

BY 

100 


RESUME GLOBAL 


89 

3540. 

3. 

65. 






♦ / 

AIRLOAD PANEL NODES 






•/ 

BODY 

5100 

0. 

0. 

0. 

TO 

5112 

3564. 

0. 0. 


5251 

0. 

26.1279 

0. 






5252 

297. 

26.1279 

0. 






5253 

297. 

63.5215 

0. 






5254 

594. 

63.5215 

0. 






5202 

594. 

65. 1 

0. 

TO 

5212 

3564. 

65.1 0. 


•/ MING 


5400 

741. 

65.1 

0 . 

TO 

5405 

2715. 

65.1 

0 . 

5410 

1017.7530 

146.6 

0 . 

TO 

5415 

2705.9945 

146.6 

0 . 

5420 

129<« • 1665 

228. 

0 . 

TO 

5425 

2697. 

228. 

0 . 

5430 

1677.885'. 

341. 

0 . 

TO 

5435 

2722.8855 

341. 

0 . 

5440 

2065. 

455. 

0 . 

TO 

5445 

2749. 

455. 

0 . 

5450 

2487. 

59«». 

0 

. TO 

5455 

2874.059 

594. 

0 . 

5460 

2689.47 

696. 

0 . 

TO 

5465 

2965.8289 

696. 

0 . 

5470 

2884. 

794. 

0 . 

TO 

5475 

3054. 

794. 

0 . 

HOR TAIL 








5500 

3124. 

65. 1 

0. 

TO 

5502 

3417. 

65.1 

0 . 

5510 

3255.0804 

146.6 

0 . 

TO 

5512 

3440.5144 

146.6 

0 . 

5520 

3386. 

223. 

0 . 

TO 

5522 

3464. 

228. 

0 . 

VERT 

MING FIN 








5313 

2467. 594 

. 0 . 

TO 

5315 

2880 

. 594. 134. 


5316 

2680.5 594. 0. 

TO 

ii!8 2910. 594. 

134. 


5319 

2874.059 

594. 0 

4 

TO 5321 2940. 594. 

134. 
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*/ 


*/ 


HEIGHT PANELS - 8C0V 
6001 0. 0. 0. TO 

6021 0. 65. 0. TO 
(■EIGHT PANELS - *ING 


6016 

6036 


3566. 

3566. 


0 . 

65. 


0 . 

0 . 


6100 

761.0 

65*0 

0. 

TO 

6220 

2687.0 

596.0 

0. 

BY 

20 

6100 




TO 

6260 

2687.0 

596.0 

0. 

BY 

80 

6180 




TO 

6260 

2687.0 

596.0 

0. 

8Y 

20 

6260 




TO 

6320 

2886.0 

796.0 

0. 

BY 

20 

6110 

2715.0 

65.0 

0. 

TO 

61 70 

2715.0 

329.5 

0. 

BY 

20 

6189 

2715.0 

329.5 

0. 

TO 

6269 

2876.0 

596.0 

0. 

BY 

20 

6266 

2876.0 

596.0 

0. 

TO 

6326 

3056.0 

796.0 

0. 

BY 

20 


•♦3 

•♦3 

•♦3 

•/ 


*/ 


6400 TO 6110 
20 0 20 
6180 TO 618? 

20 0 20 
6260 TO 6266 
20 0 20 
HEIGHT PANELS - HCh TAIL 
6*00 3126. 65.1 0. TO 

6610 3386. 228.0 0. TO 

hEIGHT PANELS - VENT PIN 

6501 3376.6 0. 92.8 

6502 3672. 0. 92.8 

6503 3658.7 0. 169.8 

6506 3516.6 0. 169.8 


6603 

6613 


3617. 

3666. 


65.1 

228.0 


0. 

0. 


•/ 

HEIGHT 

PANELS - 

WING 

VERT 

FIN 


6601 

2687. 

596. 

0. 

TO 6603 


6606 

2876.059 

596. 

0. 

TO 6606 

•/ 

NODES 

FOR CARGO 

HLiOS 

/ 


7001 

60C. 


0. 

-55. 


7002 

6C0. 


20. 

-55. 


7003 

6C0. 


50. 

-20. 


7006 

600. 


0. 

-20. 


7005 

650. 


0. 

-55. 


7006 

650. 


20. 

-55. 


7007 

650. 


50. 

-20. 


7008 

650. 


0. 

-20. 


7011 

2800. 


0. 

-55. 


7012 

2800. 


20» 

-55. 


7013 

2800. 


50. 

-20. 


7016 

2800. 


0. 

-20. 


7015 

2950. 


0. 

-55. 


7016 

2950. 


20. 

-55. 


7017 

'950. 


50. 

-20. 


7018 

2950. 


0. 

-20. 


2 880. 
2960. 


596. 

596. 


136. 

136. 


ENO NOCAL DATA 
BEGIN HASS OATA 
BEGIN CONDITION OATA 

PANEL OATA 1 CGNO IT ION 
PANEL CATA 1 CONDITION 
PANEL CATA 1 CONDITION 
PANEL CATA 1 CONDITION 
cNO CONDITION CATA 
BEGIN HASS ELEHENT OATA 


11 

12 

20 

20 


PLATE 

F2 

8-1 

6001 

6002 

6022 


3695 

PLATE 

F2 

8-2 

6002 

6003 

6023 

6022 

5955 

PLATE 

F2 

8-3 

6003 

6006 

6026 

6023 

2589 

PLATE 

F2 

8-6 

6006 

60C5 

6025 

6026 

3660 

PLATE 

F2 

6-5 

6005 

6006 

6026 

6025 

5620, 

PLATE 

F2 

8-6 

6006 

6007 

6027 

6026 

32 80, 

PLATE 

F2 

8-7 

6007 

6008 

6028 

6027 

3306 

PLATE 

F2 

8-8 

6006 

6009 

6029 

6028 

6366 

PLATE 

F2 

8-9 

6009 

6010 

60 30 

6029 

6507 

PLATE 

F2 

8-10 

6010 

6011 

6031 

6030 

6686 

PLATE 

F2 

B-ll 

6011 

6012 

6032 

6031 

3619 

PLATE 

F2 

8-12 

6012 

6013 

6033 

6032 

6730 

PLATE 

F2 

3-13 

6013 

6016 

6036 

6033 

3982 

PLATE 

F2 

8-16 

6016 

6015 

6035 

6036 

96 7 

PLATE 

F2 

3-15 

6015 

6016 

6036 

6035 

1788 

PLATE 

F2 

VT-1 

6501 

6502 

6506 

6 503 

600 

PLATE 

F2 

N— 1 

610C 

6101 

6121 

6120 

768 

PLATE 

F2 

n-2 

6101 

6102 

6322 

21 

1151 

PLATE 

F2 

n-3 

6102 

6103 

6223 

..22 

1667 
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PLATE 

F2 

*-4 

6103 

PLATE 

F 2 

ta-5 

6104 

PLATE 

F2 

■-6 

6105 

PLATE 

F2 

h-7 

6106 

plate 

F2 

*-8 

6107 

plate 

F2 

*-S 

6108 

plate 

F2 

*-10 

ol09 

PLATE 

F2 

*-ll 

6120 

plate 

F2 

<•-12 

6121 

PLATE 

F2 

h-13 

6122 

plate 

F2 

*-14 

6123 

PLATE 

F2 

<•-15 

6124 

plate 

F2 

*-16 

612? 

PLATE 

F2 

*-17 

6126 

PLATE 

F2 

*-18 

0127 

PLATE 

F2 

*-15 

6128 

plate 

F2 

*-20 

0129 

PLATE 

F2 

*-21 

6140 

PLATE 

F2 

*-22 

6141 

PLATE 

F2 

*-23 

6142 

PLATE 

F2 

•-24 

6143 

PLATE 

F2 

*-25 

6144 

PLATE 

F2 

*-26 

6145 

PLATE 

F2 

*-27 

6146 

PLATE 

F2 

*-28 

6147 

PLATE 

f 2 

*-29 

6148 

PLATE 

F2 

*-30 

6149 

PLATE 

F2 

*-31 

6180 

PLATE 

F2 

*-32 

6101 

PLATE 

F2 

*-33 

6102 

PLATE 

F2 

>•—34 

6183 

PLATE 

F2 

ta-35 

6 1 84 

PLATE 

f> 

*-36 

6185 

PLATE 

F2 

•-37 

6186 

PLATE 

F2 

*-38 

6187 

PLATE 

F2 

*-3S 

6100 

PLATE 

F2 

«-40 

6200 

PLATE 

F2 

*-41 

6201 

PLATE 

F2 

*-42 

o202 

PLATE 

F2 

*-*3 

6203 

PLATE 

F2 

*-44 

6204 

PLATE 

F2 

*-45 

6205 

PLATE 

F2 

*-46 

6206 

PLATE 

F2 

*-47 

020 7 

PLATE 

F2 

*-48 

6208 

PLATE 

F2 

*-49 

6220 

PLATE 

F2 

■-50 

6221 

PLATE 

F2 

W-5 l 

6222 

PLATE 

F2 

»-52 

6223 

PLATE 

F2 

«-53 

6224 

PLATE 

F2 

*-54 

6225 

PLATE 

F2 

*-5 5 

c 226 

PLATE 

F2 

■-56 

0227 

PLATe 

F2 

*-57 

6220 

PLATE 

F2 

*-5 0 

6260 

PLATE 

F 2 

*-59 

o2o 1 

PLATE 

F2 

*-60 

6262 

PLATE 

F2 

»-6 1 

6263 

PLATE 

F2 

*-62 

e264 

PLATE 

F2 

*— 6 3 

6265 

PLATE 

F2 

w — 64 

6200 

PLATE 

F2 

*-65 

c 28 1 

plate 

F2 

*-66 

c782 

PLATE 

F0 

*-o7 

6283 

PLATE 

F2 

*-68 

6204 

PLATE 

F2 

• -69 

6235 

PLATE 

F2 

*-70 

6 300 

PLATE 

F2 

*-71 

c 30 1 

PLATE 

F2 

w-72 

6 302 

PLATE 

fl 

*-73 

6 303 

PLATE 

ft 

*-74 

6 304 

PLATE 

F2 

*-75 

6305 

PLATE 

F2 

hT-1 

6400 


6104 

6124 

»123 

1112. 

6105 

6125 

6124 

1190. 

6106 

6126 

6125 

1659. 

6107 

6127 

6126 

1988. 

6108 

6128 

6127 

2467. 

6109 

6129 

6128 

1335. 

6110 

6130 

6129 

338. 

6121 

6141 

6140 

795. 

6122 

6142 

6141 

1415. 

6123 

6143 

6142 

813. 

6124 

6144 

6143 

1259. 

6125 

6145 

» 144 

1248. 

6126 

6146 

6145 

1720. 

6127 

6147 

6146 

1494. 

0128 

6148 

6147 

1888. 

6129 

6149 

6148 

498. 

6130 

6150 

6149 

126. 

61*1 

6161 

6160 

503. 

6142 

6162 

6161 

12 79. 

6143 

6163 

6162 

536. 

6144 

6164 

6163 

532. 

6145 

6165 

616* 

559. 

6146 

6166 

6165 

1055. 

6147 

616 7 

6166 

1405. 

Cl 40 

6168 

6167 

1953. 

6149 

6169 

6168 

2 7*. 

6150 

6170 

6169 

172. 

6181 

6201 

6200 

61*. 

6182 

6202 

6201 

12 86. 

6183 

620 3 

6202 

562. 

ol 84 

620* 

6203 

786. 

0185 

6205 

6 204 

13 So. 

6186 

6206 

6205 

1649. 

6187 

620 7 

6206 

1649. 

6188 

6208 

6207 

421. 

6189 

6209 

6208 

255. 

6201 

6221 

6220 

207. 

6202 

6222 

o221 

497. 

6203 

6223 

6222 

692. 

6204 

622* 

6223 

765. 

6205 

6225 

6224 

816. 

6206 

6226 

6225 

843. 

6207 

622 7 

6226 

687. 

6208 

6228 

6227 

136. 

6209 

6229 

6228 

94. 

6221 

6241 

6240 

136. 

6222 

6242 

6241 

522- 

6223 

6243 

6242 

51o. 

6224 

624* 

6243 

536. 

6225 

6245 

6 244 

555. 

6226 

6246 

6245 

580. 

6227 

6247 

6246 

70*. 

6228 

6248 

6247 

110. 

6229 

6249 

6248 

91. 

6261 

6281 

6280 

289. 

8262 

6282 

6281 

3Q6. 

6263 

6283 

6202 

<.44. 

6264 

6284 

6 283 

507. 

62o5 

6285 

8284 

1 16. 

0266 

6286 

6285 

76. 

6281 

6301 

6 300 

216. 

6282 

6302 

6301 

144. 

6283 

6103 

6302 

245. 

62E4 

6104 

6303 

365. 

6265 

6305 

o 304 

86. 

62 86 

6106 

6305 

71. 

6301 

6321 

6 320 

18*. 

6302 

6322 

6321 

1 6 0. 

6303 

6123 

6 322 

126. 

6304 

632* 

6323 

273. 

6305 

6325 

6324 

66. 

6306 

6126 

6325 

66. 

6*01 

6411 

6410 

283. 
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PLATE 

F2 

MT-2 

6401 

6402 

6412 

6411 

212. 

PLATE 

F2 

NT-3 

6402 

6403 

6413 

6412 

522. 

PLATE 

F2 

NF-1 

6601 

6602 

6605 

66 C4 

500. 

PLATE 

F2 

*f-2 

6602 

6603 

6406 

6605 

400. 


END MASS ELEMENT CATA 
BEGIN FUEL CATA 


TANK U 


POLYGON 

20 

95. 

PERCENT 










237 

337 

339 

239 

TO 

243 

343 

345 

245 

BY 

2 

2 

2 

2 

445 

345 

347 

447 

TO 

449 

349 

351 

451 

BY 

2 

2 

2 

2 

TANK 12 














POLYGON 

2U 

97. 

PERCENT 










451 

351 

353 

453 











453 

353 

355 

455 











255 

355 

357 

257 

TO 

261 

361 

363 

263 

BY 

2 

2 

2 

2 

TANK 21 














POLYGON 

30 

90. 

PERCENT 










34 7 

54 7 

549 

349 

TO 

353 

553 

555 

355 

BY 

2 

2 

2 

2 

TANK 22 














POLYGON 

30 

90. 

PERCENT 










355 

555 

557 

35 7 

TO 

3e 1 

561 

563 

363 

BY 

2 

2 

2 

2 

TANK 31 














PGLVGON 

20 

85. 

PERCENT 










553 

653 

654 

ss<» 

TO 

562 

662 

66 3 

563 







MANAGEMENT SEQUENCE 10 

LOAD TANKS 22 UNTIL 70000. 

LOAD TANKS 11 12 31 RATIO a. 6. 1. UNTIL 220000. TOTAL 

LOAC TANKS 31 UNTIL 31 

USE TANKS 11 12 RATIO 1. .75 UNTIL 11 12 EQUALS 2. 21 31 

TRANSFER 100. PERCENT 12 TO 11 

USE TANKS 11 21 22 RATIO 2. 1. 1. UNTIL 22 15000. 

TRANSFER 150U0. FROM 22 TO 21 

USE TANKS 11 21 31 RATIO 3. 2. 1. UNTIL 60000. 

USE TANKS 11 21 31 RATIO 3. 2. 1. UNTIL 0. TOTAL 

MANAGEMENT SEQUENCE 20 

LOAD TANKS 11 12 21 UNTIL 11 

LOAD TANKS 22 31 UNTIL 22 


CONOITION 

11 

180000. 

10 

CONCITION 

12 

120000. 

10 

CONCITIGN 

15 

1C0000. 

10 

CONOITION 

20 

0 . 

20 


END FUEL CATA 
BEGIN PAYLOAD CATA 

BEGIN SEAT LOCATION DATA 

101 tOO. -10. 5*. TO 1 6o 3000. -10. 5 *. 

201 400. -10. 34. TO 266 3000. -10. 34. 

ENC SEAT LOCATION CATA 
HOLC 1 BRICK .05 

7001 7002 7003 7004 7005 7006 7007 700B 
HOLD 2 BRICK .05 

7011 7012 7013 7014 7015 7015 7017 7018 
LOADING SEQUENCE 1 

LOAO SEATS 101 166 201 266 TC 133 134 233 2 34 BY 1 -1 1 -1 
LOAC CARGO HOLD 1 IN DIRECTION *1 UNTIL 10000. LOADEO 

LC AO CARGO MOLD 2 IN DIRECTION *1 UNTIL 5000. LOADEO 

LOAOING SEQUENCE 10 

LOAO SEATS 101 TO 166 

LOAO SEATS 201 TO 266 

LOAD CARGO HOLO 1 IN DIRECTION AX UNTIL FULL 

LOAO CARGO HOLO 2 IN DIRECTION AX UNTIL FULL 

LOACING SEQUENCE 11 

LOAO SEATS 166 TO 101 BY -l 
LOAO SEATS 266 TO 201 BY -l 

LOAO CARGO HOLD 2 IN DIRECTION -X UNTIL FULL 

LOAO CARGO HOLD 1 IN DIRECTION -X UNTIL FULL 

CONCITION LI SEQUENCE 1 80 14000. 

CONDITION 12 SEQUENCE 1 132 0. 

CONDITION 13 SEQUENCE 1 0 15000. 

CONOITION 20 SEQUENCE 11 132 24500. 

CONDITION 30 SEQUENCE 10 132 24500. 

ENO PAYLOAD DATA 
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BEGIN PANEL CATA 1 
•/ BUOY 

MASS SUBSETS 1 
FUEL.PAVLCAC 
DIRECTION 2 

1 5100 5251 5252 5101 

2 5101 5253 5254 5102 

3 5202 5203 5103 S1C2 TO 12 

*/ MING FIN 

NASS SUBSETS 2 
DIRECTION Y 

13 5313 5316 5317 5314 

14 5316 5319 5320 5317 

15 5314 5317 5318 5315 

16 5317 5320 5321 5318 

•/ MING 

MASS SUBSETS 3 
FUEL • PAYLOAC 
DIRECTION. 2 

17 5400 5401 5411 5410 TO 21 

•♦6 5 10 *«3 0 5 

•/ HOR TAIL 

MASS SUBSETS 4 
DIRECTION 2 

52 550C 5501 5511 5510 TO 53 

•♦1 2 10 ♦»! 0 2 

ENO PANEL CATA 1 
END MASS DATA 
BEGIN SUBSET DEFINITION 
SUBSETS OF MASS SET 1 

Nl » 6001 TC 6036 6501 TO 6504 
El « ALL IN Nl 
N2 ^ 6601 TO 6606 
E2 = ALL IN N2 
N3 * 6100 TO 6326 
E 3 = ALL IN N3 
N4 = 6400 TO 6413 
E4 « ALL IN N4 
N5 * 6001 TO 6606 
E5 * ALL IN N5 
ENO SUBSET DEFINITION 
ENC RROBLtfl OaTA 
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Figure 208-1. Mass Model for Fuel and Payload Demonstration 
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Figure 208-2* Location of Fuel Tanks, Cargo Holds and Seating 
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Figure 208-3* Loadability Diagram, Fuel and Payload Demonstration 
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209. FULLY-STRESSED DESIGN AND COMPOSITE OPTIMIZATION 

(DECK 3) 


209.1 DESCRIPTION OF PROBLEM 

This problem demonstrates the fully- stressed design and 
oon^osite optimization capabilities of the Design Module. The 
structural model, shown in figure 209-1, is the same as that 
described in section 203 with the addition of several CCOVER 
elements (element subset 200 as shown in figure 209-2) . These 
CCOVERs have upper surfaces only with a stackup of (0/+45/90) . 

The symmetric loading described in section 203 is factored by ten 
to obtain the design loading condition (except as shown in table 
209-1) . 

All the CCOVER elements constitute a single optimization 
problem. A separate execution of the Design Module produces an 
optimized lay-up based upon the strains in a subregion consisting 
of one element. 

The subsets used to define the design problem are shown in 
figures 209-2 and 209-3. The design options employed are 
summarized in table 209-1. 

209.2 RESULTS 

Two resize cycles were executed. The total weight at each 
cycle is shown in figure 209-4. As an example, upper and lower 
surface basic plate thicknesses before and after resize are shown 
in figure 209-5 for element subset 121. Margins of safety for 
this subset for the two cycles are shown in figures 209-6 and 
209-7. 

The composite optimization converged after 7 local and 2 
global iterations producing the number of layers shown in table 
209-2. 
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209.3 LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CONTROL MATRIX PROGRAM DEM003 

PROBLEM I C! QEMU03 - FULL Y-STR6SSE J DESIGN/ COMPUSITE OPTIMIZATION! 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED ev THIS 

DECK ARE 

1. FULLY-STRESSED OcSIGN 

2. COMPOSITE OPTIMIZATION 

3. STRENGTH MARGIN OF SAFETY PLOTS 

AUTHOR BOURN (JACKMAN 


CORE 170K IOCTALI 

INTEGER BEGCYCL • ENDC YCL.CURC YCL 
DIMENSION CONVERGI 171 

USER COMMON IBEGCYCL.ENOCYCL.CURCYCL.CONVERG.ISET.ISTAGE.IPOSI 


8EGCYCL-1 
EN0CYCL*2 
READ INPUT 
PRINT INPUT(NOOAL) 

PRINT INPUTISTIFFNESSI 
PRINT INPUT! BC, STAGE *2) 

EXECUTE EXTRACT C EXNAME* TOTAL .LSU3«KGR ID. ESUB=EI ,NSUB«N1 » 

EXECUTE GRAPHICSIGNAME*GEOM,OFFLINE*CALCOMP,RZ*30,RX»O,PY=2O, 

X TYPE -MORTH.P01NU . SIZE*! 20.20 ) , EXNAME'TOT AL I 

PERFORM DESIGN I STAGc*2l 
PRINT INPUT(CESIGNiSET'I) 

EXECUTE DES IGN! HISTORY, SET*!, ST AGS«2, CYCLE* ( 1 , 2> , IELN= I 1,3,16, 18, 
119.21.291 I 

EXECUTE DESIGN! COMPOS ITE.S£T*1,STAGE*2.CYCLE»3» 

PRINT OUT PUT I OE SIGN. SETs 1 1 
PRINT OUTPUT ICE SIGN, HI STORY, SET* II 

EXECUTE EXTRACT! EXNAHE-MARGI NS, LSUB-SMS, ST AGE = 2 ,C YCLE* l 1 ,2) , 

X ESUB*E121.NSUBsN121) 

EXECUTE GRAPHICSIGNAME=DESIGN.TYPEsORTH.SIZE*l 15.131 , 

X VIEWS 100. SC ALAR =COVSMS,SSCALE=100,EXNAME« MARGINS I 

END CONTROL PROGRAM 


* 

t 
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*/ MOOE2 / 

BEGIN MATERIAL DATA 
COMPOSITE MATERIAL DATA 
COl .0052 3.77E-4 
70 30.0E6 2.7E6 .21 .766 l.E- 
500 29. £6 2. 666 .20 .6E6 .46* 
END MATERIAL DATA 
BEGIN NOOAL OATA 

•/ 

*/ BODY NODES 


6 »■ 1.28E5 2.E4 1.28E5 2.E4 6.464 **5 
6 •* l. 18E5 1.9E4 1.1865 1.9E4 6.364 ♦« 


1 

20. 

0. 

0. 


TO 

25 

980. 

0. 

0. 


BY 

2 

27 

1060. 

0. 

0. 

30.0 

TO 

45 

1780. 

0. 

0. 

42.5 

BY 

2 

•♦1 200 

0. 

65. 

0. 

0. 

0 

200 

0. 

65. 



*• 


45 





TO 

55 

2180. 

0. 

0. 

il.O 

BY 

2 

•♦1 200 





0 

200 

0. 

65. 



** 


55 





TO 

63 

2500. 

0. 

0. 

13.5 

BY 

2 

•♦1 200 





0 

200 

0. 

65. 



• 6 


65 

2580. 

C. 

0. 


TO 

77 

3060. 

0. 

0. 


BY 

2 

79 

3140. 

0. 

0. 

3.0 









•♦1 200 

0. 

65. 


• • 









81 

3220. 

0. 

0. 

6.5 









•♦1 200 

0. 

65. 


• * 









83 

3300. 

0. 

0. 

7.0 









*♦1 200 

0. 

65. 


** 









85 

3380. 

0. 

0. 

2.0 









*♦1 200 

0. 

65. 


• • 









87 

3460. 

0. 

0. 










89 

3540. 

0. 

0. 










MING NODES 












427 

1060. 

65. 

0. 

30.0 

TO 

435 

1380. 

180. 

0. 

17.5 

BY 

2 

435 





TO 

4*5 

1 7d0. 

180. 

0. 

27.5 

BY 

2 

445 





TO 

455 

2180. 

180. 

0. 

25.0 

BY 

2 

455 





TO 

46 3 

2500. 

180. 

0. 

13.0 

BY 

2 

635 

1380. 

180. 

0. 

17.5 

TO 

641 

1620. 

265. 

0. 

10.0 

BY 

2 

641 





TO 

655 

2180. 

265. 

0. 

22.5 

BY 

2 

655 





TO 

663 

2500. 

265. 

0. 

12.5 

BY 

2 

841 

1620. 

265. 

0. 

10.0 

TO 

84 7 

1971. 

380. 

0. 

9.0 

BY 

2 

847 





TO 

855 

2291. 

330. 

0. 

17.0 

BY 

2 

855 





TO 

86 3 

2611. 

380. 

0. 

10.0 

BY 

2 

1047 

1971. 

380. 

0. 

9.0 

TO 

105 1 

2205. 

455. 

0. 

8.5 

BY 

2 

1051 





TO 

1059 

2525. 

455. 

0. 

15.0 



1059 





TO 

1063 

2685. 

455. 

0. 

8.0 



1251 

2205. 

455. 

0. 

8.5 

TO 

1254 

2409. 

538. 

0. 

6.5 



12 54 





TO 

1259 

2609. 

538. 

0. 

11.0 



1259 





TO 

1263 

2769. 

538. 

0. 

5.5 



1454 

2409. 

538. 

0. 

6.5 

TO 

1456 

2545. 

594. 

0. 

5.0 



1456 





TO 

1459 

2665. 

594. 

0. 

7.5 



1459 





TO 

1463 

2325. 

594. 

0. 

3.5 



1656 

2545. 

594. 

0. 

5.0 

TO 

1658 

2710. 

680. 

0. 

3.0 



1658 





TO 

1663 

2910. 

680. 

0. 

3.0 



1858 

2710. 

680. 

0. 

3.0 

TO 

18o0 

2875. 

765. 

0. 

1.5 



1860 





TO 

186 3 

2995. 

765. 

0. 

2.5 



MING TRAILING EDGE NCOES 










3001 

2500. 

65. 

0. 

13.5 

TO 

3005 

2715. 

65. 

0. 

1.0 

8Y 

2 

3101 

2500. 

180. 

0. 

13.0 

TO 

3105 

2715. 

180. 

0. 

1.0 

*6 


3201 

2500. 

265. 

0. 

12.5 

TO 

3205 

2715. 

265. 

0. 

1.0 



3405 

2874. 

594. 

0. 

1.0 

TO 

3605 

3027.9 

765. 

0. 

1.0 









BY 100 

OF 86. 

85. 





WING PIN 

NODES 












REC l 

MINGPIN 

0. 554 

. 0 

. V 1 . 

594. 

0. r 0. 

-1. 0. 






2056 

2 545. 

.1 

0. 

3.5 

TO 

245o 

2830. 

100. 

0. 

2.5 

eY 

20C 

2058 

2625. 

.1 

0. 

3.5 

TO 

2458 

2842. 

100. 

0. 

3.0 



2061 

2745. 

.1 

0. 

4.0 

TO 

24o l 

2859. 

100. 

0. 

3.0 

** 


2063 

2825. 

.1 

0. 

4.0 

TO 

2463 

2870. 

100. 

0. 

3.0 

*• 
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*/ horizontal tail nooes 
♦/ 


RESUME GLOBAL 



279 


TO 


281 


TO 


283 


TO 


285 


TO 

ENO 

NOOAL DATA 



BEGIN 

STIFFNESS 

OATA 


BEGIN PROPERTY 

DATA 



PI .05 

1. AIMING 

FIN SPAR! 


P2 2. 

0. 0. .2 

• 2 • t 


P3 10. 

0. 0. 1001 

100. 100 


P4 .15 

.50 



PS 0. *-2 100. 100. 

0. 10 


ENO PROPERTY DATA 
BEGIN ELEMENT DATA 


679 

3365. 

200. 

0. 

2.0 

9Y 200 

681 

3388. 

200. 

0. 

2.5 

• « 

638 

3912. 

200. 

0. 

2.5 

»* 

635 

3935. 

200. 

0. 

1.0 

** 


AND R l SSI 
•(MING FIN 

ATTACHMENT 

BEAMS - 

TYPE 

It 

•(MING FIN 

ATTACHMENT 

BEAMS - 

TYPE 

21 

•(CONTROL 

SURFACE RIBS) 



•(BEAMS AT 

**55 RIB TO 

PICK UP 

SPARS) 


• / 

*/ WING FRONT SPAR 


SPAR 

M5 

N2003 

221 

429 

.12 

2. 






•2 


N2205 

929 

431 

.12 

2. 

TO 

N2605 

433 

435 

•f 








8Y 

N200 

2 

2 


♦2 


N2805 

435 

63 7 

.12 

2. 






•2 


N3007 

637 

639 

.12 

2. 

TO 

N3207 

639 

641 

♦ 








3 Y 

N200 

2 

2 


♦ 2 


N3907 

641 

d43 

. 12 

2. 






•2 


N3609 

843 

845 

.12 

2. 

TO 

N3809 

845 

847 

♦ 








BY 

N200 

2 

2 


•2 


N4009 

847 

1049 

.12 

2. 






•2 


N4211 

1049 

1051 


** 






♦2 


N4411 

1052 

1253 


** 






*2 


N4613 

1253 

1254 


*• 






•2 


N4713 

125* 

1455 


• • 






•2 


N4815 

1455 

1456 


•« 






•2 


N4915 

1456 

1657 


• • 






•2 


N5017 

1657 

1658 


*• 






•2 


N5117 

1658 

1859 


• • 






•2 


N5219 

1859 

1860 


• • 






• / 












•/ WING REAR 

SPAR 










•/ 












SPAR 

M5 

N5603 

263 

463 

.40 

12. 






• 2 


N5605 

463 

663 

.40 

12. 






• 2 


N5607 

663 

86 3 

.34 

12. 






•2 


N5609 

363 

1063 

.34 

12. 






•2 


N5611 

1063 

1263 

.30 

8. 






•2 


N5613 

1263 

1463 

.30 

8. 






♦ 2 


N5615 

1463 

1663 

.30 

4. 






•2 


N5617 

1663 

1863 

.30 

4. 






*/ 












*/ MING INTERMEDIATE SPARS 









*/ 












SPAR 

M5 

N2203 

229 

42 9 

.20 

2. 

TO 

N3603 

243 

<*43 

♦ 








BY 

N200 

2 

2 


•2 


N3803 

245 

445 

.36 

2. 






•2 


N4803 

255 

455 

.60 

12. 






♦ 2 


N5003 

257 

45 7 

.24 

12. 

TO 

N5403 

261 

461 

♦ 








BY 

N200 

2 

2 


•2 


N3005 

437 

63 7 

.20 

2. 

TO 

N36Q5 

443 

643 

♦ 








BY 

N200 

2 

2 


•2 


N3805 

445 

645 

.36 

2. 






♦2 


N4005 

447 

64 7 

.20 

4. 

TO 

N4605 

453 

6 53 

♦ 








BY 

N200 

2 

2 


• 2 


N9805 

455 

65 5 

.60 

12. 






•2 


N5005 

457 

657 

.24 

12. 

TO 

N5405 

461 

661 

♦ 








3Y 

N200 

2 

2 


•2 


N3607 

643 

843 

.20 

2. 

TO 

N3807 

645 

845 

♦ 








BY 

N200 

2 

2 


*2 


N4007 

647 

84 7 

.20 

4. 

TO 

N4607 

653 

853 

♦ 








BY 

N200 

2 

2 


• 2 


N9807 

655 

855 

.20 

8. 







tt' 


209.4 




•2 


N3007 

657 

85 7 


.20 

10. 

TO 

N5407 

661 

861 

♦ 










8Y 

N200 

2 

2 



*2 


N4209 

849 

) 49 


.20 

4. 

TO 

N4o09 

853 

1053 

♦ 










BY 

N200 

2 

2 



• 2 


N4B09 

855 

1055 


.20 

3. 







*2 


NS009 

857 

1057 


.20 

10. 

TO 

N5409 

861 

1061 

♦ 










BY 

N200 

2 

2 



•2 


N4611 

1053 

1253 


.12 

4. 

TO 

N4811 

1055 

1255 

♦ 










BY 

NIOC 

1 

1 



•2 


N491 1 

1056 

1256 


.06 

4. 

TO 

N5511 

1062 

1262 











3Y 

N100 

1 

1 



•2 


N4813 

1255 

1455 


.12 

4. 







•2 


N4913 

1256 

l45o 


.06 

4. 

TO 

NS513 

1262 

1462 

♦ 










BY 

N100 

1 

1 



*2 


N5015 

1457 

1657 


.06 

2. 

TO 

N5515 

1462 

1662 

♦ 










BY 

N100 

1 

1 



*2 


N5217 

1659 

1859 


.06 

2. 

TO 

N5517 

1662 

1862 

♦ 










9Y 

N100 

1 

1 


•/ 














•/ 

WING IN- 

800V 

SPARS 











*/ 















SPAR 

M5 

N2001 

27 

227 

1 

.00 

10. 

TO 

N3601 

43 

2*3 

* 










BY 

N200 

2 

2 



•2 


N3801 

45 

245 

1 

.80 

10. 

TO 

N4601 

53 

2 53 

♦ 










BY 

N200 

2 

2 



• 2 


N4801 

55 

255 

1 

1.00 

60. 







♦2 


N5001 

57 

257 

1 

.20 

60. 

TO 

N5401 

61 

261 

♦ 










BY 

N200 

2 

2 



•2 


N560L 

63 

263 

2 

! . 00 

60. 






•/ 














•/ 

WING RIBS 












•/ 















SPAR 

H5 

N6001 

227 

229 


.25 

4. 

TO 

N6035 

261 

2 63 











BY 

N2 

2 

2 



*2 


N6109 

435 

437 


.30 

4. 

TO 

N6135 

461 

*c3 

♦ 










BY 

N2 

2 

2 



♦2 


N6215 

641 

643 


.20 

3. 

TO 

N6235 

661 

663 

♦ 










BY 

N2 

2 

2 



♦2 


N6425 

1051 

1053 


.20 

4. 







•2 


N6426 

1053 

1054 


.20 

4. 

TO 

N6435 

10&2 

1063 



•2 


N6629 

1456 

1457 


.12 

2. 

TO 

N6fc 35 

1*62 

1463 



•2 


N6833 

1860 

ld61 


.30 

1.4 

TO 

N6835 

1362 

1863 


*/ 














*/ 

WING COVERS 












*/ 















COVER 

M5 

N7003 

229 

429 

22 7 


.06 







*2 


N7203 

229 

42 9 

431 

231 

.06 




TO 

♦ 




N8603 

243 

443 

445 

245 


BY 

N200 

2 

•* 3 


CCOVER T70 

N27203 229 429 

431 231 0. 

AO TO LI 

C01 . 

A-45. A45. 

A90 . ♦ 




TO N28603 243 443 

445 245 3Y 

N200 

2 **3 






COVER M5 N8803 

245 445 447 247 

.12 . 

00 TO ♦ 










N9603 

253 

453 

455 

255 


BY 

N200 

2 

*» 3 



•2 


N9803 

255 

45 5 

457 

257 

.10 

• 

14 





•2 


N10003 

257 

457 

459 

259 







•2 


N 10203 

259 

459 

461 

261 

.26 

• 

14 .22 

.00 




•2 


N10403 

262 

461 

463 

263 


** 





*2 


N7805 

437 

637 

435 


.06 







•2 


N8005 

437 

637 

639 

39 

.06 




TO 

♦ 




N9605 

453 

653 

655 

.55 


BY 

N200 

2 

*»3 



•2 


N9805 

455 

655 

657 

457 

.10 

• 

1* 





*2 


N 10005 

457 

657 

659 

459 


99 





*2 


N10205 

459 

659 

661 

461 

.26 

• 

14 .22 

.00 




*2 


N 10405 

461 

661 

663 

463 


99 





*2 


N8407 

643 

843 

6*1 


.06 







*2 


N8607 

643 

843 

8*5 

645 

.06 




TO 

♦ 




N9607 

653 

853 

855 

655 


BY 

N200 

2 

*«3 



*2 


N9807 

655 

855 

857 

657 

.10 

• • 

03 





*2 


N 10007 

657 

857 

859 

659 


99 





♦2 


N 10207 

659 

859 

So 1 

661 

.30 

• 

14 .20 

.00 




•2 


N 10407 

661 

861 

863 

663 


99 





•2 


NS009 

849 

1049 

84 7 


.06 







•2 


N9209 

849 

1049 

1051 

851 

.06 




TO 

♦ 




N9609 

853 

1053 

1055 

855 


8Y 

N200 

2 

• *3 



209.5 


*/ 

*/ 

*/ 


*/ 

*/ 

*/ 


*/ 

*/ 

•/ 


*/ 

•/ 

*/ 


*/ 

»/ 

*/ 


♦/ 


•2 

N9809 

855 

1055 

1057 

857 

.10 

.08 




•2 

N10009 

857 

1057 

1059 

859 


** 




*2 

N10209 

859 

1059 

1061 

661 

.30 

.14 .20 

.00 



*2 

N 10909 

861 

1061 

1063 

863 


*6 




*2 

N9411 

1053 

1253 

1051 


.30 

.14 .22 

.12 



•2 

N961 1 

1053 

1253 

1254 

1054 

.30 

.14 .22 

.12 

TO 

♦ 


N 1051 1 

1063 

1262 

1263 

1063 


av nioo 

1 

*■3 


•2 

N9713 

1255 

1455 

1254 


.30 

.14 .22 

.12 



• 2 

N9813 

1255 

1455 

1456 

1256 

.30 

.14 .22 

.12 

TO 

♦ 


N 105 13 

1262 

1462 

146 3 

1263 


BY NIOO 

1 

•■3 


*2 

N9915 

1457 

1657 

1456 


. 08 





*2 

N LOO 15 

1457 

1657 

1658 

1458 

.08 



TO 



N10S15 

1462 

1662 

1663 

1463 


8 Y NIOO 

1 

*■3 


*2 

N10" \7 

1659 

1859 

1658 


.08 





*2 

N 102x7 

1659 

If 59 

1860 

1660 

.08 



TO 

♦ 


N 10517 

1662 

1862 

1863 

1663 


AY NIOO 

1 

*-3 


1NG IN-BOCY 

COVERS 










COVER M5 

N7001 

27 

227 

229 

29 

.30 



TC 

♦ 


N8601 

43 

243 

2*5 

45 


6 Y N200 

2 

*«3 


• 2 

N8801 

45 

245 

247 

47 

.60 



TO 

♦ 


N9601 

53 

253 

255 

55 


BY N200 

2 

• «3 


• 2 

NS801 

55 

255 

257 

57 

.70 





•2 

N10001 

57 

257 

259 

59 

.70 





*2 

N 1020 1 

59 

259 

261 

61 

1.30 

.70 1.10 

.00 



• 2 

N 10401 

61 

261 

263 

63 


• • 





MING FIN SPARS 


SPAR 

M5 

N 1 100 1 

2054 

2 25o 


PI 

v2 


N11003 

2256 

2456 


0 

*2 


N 1120 1 

2058 

2258 


0 

• 2 


N11203 

2258 

2458 


0 

•2 


N1L501 

2061 

2261 


0 

*2 


N 1 1503 

2261 

2461 


0 

*2 


N11701 

2063 

2263 


0 

•2 


N11703 

2263 

2463 


0 

NG FIN 

RIBS 






SPAR 

M5 

N12001 

2256 

2258 


PI 

*2 


N 12003 

225B 

2261 


♦ 

*2 


N 12005 

2261 

2263 


* 

♦2 


N 1220 1 

2456 

2458 


0 

*2 


N 12203 

2458 

2461 


0 

*2 


N 12205 

2461 

2463 


0 

NG FIN 

COVERS 





COVER 

M5 

N 1300 1 

2056 

2256 

2258 

205 8 

*2 


N 13003 

2058 

2258 

2 2d 1 

2 Je>i 

•2 


N 13005 

2061 

2261 

2263 

2063 

• 2 


N13201 

2256 

2456 

2458 

2258 

*2 


N 13203 

2258 

245 8 

2461 

2261 

*2 


N13205 

2261 

2461 

2463 

2263 

NG FIN 

ATTACHMENT 

3E3MS 




BEAU 

25 

N20001 

1456 

2056 

1463 

P2 

• 2 


N20003 

1458 

2058 

1463 

0 

*2 


N20005 

1461 

2061 

1463 

0 

♦ 2 


N20007 

1463 

2063 

1461 

0 

*2 


N21001 

1458 

1458 


P3 

• 2 


N21003 

1458 

1461 


* 

*2 


N21005 

1461 

1463 


0 


.05 

* 

* 


209.6 



•/ 

WING TRAILING 

EDGE CONTROL SURFACE RIBS 



•/ 

SPAR 

MS 

N101 

263 

3003 


P4 




*♦2 0 

0 

2 

200 

100 


0 




•2 


N 102 

3003 

300S 


* 




•♦2 0 

0 

2 

100 

100 


0 




•2 


N10B 

1463 

3405 


* 




•♦2 0 

0 

l 

200 

100 


♦ 



•/ 










*/ 

WING TRAILING 

EOGE CONTROL SURFACE COVERS 



•/ 

COVER 

M5 

N151 

263 

463 

3103 

3003 

.10 



*2 


N153 

463 

663 

3203 

3103 

* 



*2 


NIS2 

3003 

3103 

3105 

3005 

* 



•2 


N154 

3103 

3203 

3205 

3105 

• 



•2 


N156 

1463 

1663 

3505 

3405 

• 



• ♦1 0 

0 

I 

200 

200 

100 

100 

• 


*/ 










•/ 

HORIZONTAL 

TAIL SPARS 







•/ 











SPAR MS 

N 1400 3 

279 

479 


.10 

1.2 



•2 


N14005 

479 

679 



•* 



•2 


N14103 

281 

481 


.05 

1.8 



*2 


N*4105 

48 1 

681 



** 



*2 


N 14203 

283 

483 


.05 

1.6 



•2 


N14205 

483 

683 



** 



*2 


N14303 

285 

485 


.20 

2.6 



*2 


N14305 

485 

685 



*» 


*/ 










*/ 

HORIZONTAL 

TAIL RIBS 







*/ 

SPAR 

M5 

N14401 

279 

281 


.15 

2.0 

TO 










8Y 


*2 


N14501 

479 

481 


.10 

1.2 

TO 










BY 


*2 


N14601 

679 

681 


.10 

1.2 

TO 










3 Y 

•/ 










*/ 

HORIZONTAL 

TAIL IN-flOOY 

SPARS 





*/ 

SPAR 

MS 

N14001 

79 

279 


.50 

6.0 



*2 


N14101 

81 

281 


.25 

9.0 



• 2 


N14201 

83 

283 


.25 

8.0 



•2 


N14301 

85 

285 

l 

.00 

13.0 


*/ 










*/ 

HORIZONTAL 

TAIL COVERS 







*/ 

COVER 

M5 

N1S003 

279 

479 

481 

281 

.16 



*♦2 0 

0 

200 

2 

•*3 



0. 



COVER 

M5 

N1S005 

479 

679 

681 

*81 

.07 



*♦2 0 

0 

200 

2 

•-3 



0. 



•/ 


N1 4405 

283 

285 

N2 

2 

2 

N 14505 

483 

4 85 

N2 

2 

2 

N14605 

683 

685 

N2 

2 

2 


♦ 


♦ 


♦ 


•/ horizontal tail in-bcdy cover: 

*/ 


COVER 

M5 

N 15001 

79 

279 

281 

SI 

.30 




TO 



N15401 

83 

283 

285 

85 


BY N200 


2 

• *3 

BOGY BEAMS 











beam 

M5 

N1001 

Z 

3 

5. 

0 . 

♦ «3 

16000. 

10. 

0 . 

»•* 3 30000. 

*♦30 0 

0 

2 

2 

2 

5. 


*4 

14000. 

5. 


*4 14000. 

*2 


N1063 

63 

65 

160. 


*4 

450000. 

148. 


*4 416000. 

*♦12 0 

0 

2 

2 

2 

-12. 


*4 

-34000. 

-12. 


•4 -34000. 

BEAMS AT 

455 

o 

►- 

CD 

at 

PICK 'JP 

DISCONTINUED SPARS 





BEAM 

M5 

N30OO2 

1053 

1054 


P 5 






*♦4 0 

0 

2 

2 

2 


• 






BEAM 

M5 

N300 1 1 

1063 

1062 


P5 






*♦4 0 

0 

-2 

-2 

-2 


• 







END ELEMENT DATA 
ENO STIFFNESS CATA 


209.7 




BEGIN BC OAT* 

STAGE 2 

SUPPORT A $VM IN SURFACE 2 
SUPPORT TX T2 RV FOR 89 
ENO 8C OATA 
BEGIN LOAD CATA 
SET l STAGE 2 

LOAD CASE (0 SVMN ♦ *SVNN£ TRIC AIRLOADS* 
BEGIN NODAL LOAC OATA 


ORDER F2 
CASE SVMN 


3 

-2275. 


9 

-6110. 


15 

— *97C. 


23 

-3255. 


31 

-2*5. 


39 

-5*00. 


*5 

-380. 


53 

-3830. 


61 

1*0. 


o7 

-165. 


75 

-6365. 


83 

-3*95. 


87 

-3160. 


85 

-150. 


89 

-150. 


ORDER F2 

FY 


2056 

-125. 

1220 1 

2*56 

-100. 

1360* 

2*58 

-100. 

— * 10. 

2058 

-125. 

955. 

2061 

-125. 

1075. 

2*61 

-100. 

7665. 

2*63 

-ICO. 

-*960. 

2063 

OROER F2 

-125. 

-660. 

*31 

13*75. 


231 

-8530. 


63 7 

8030. 


23 7 

-7750. 


2*5 

-11770. 


655 

— *6*C. 


255 

-5330. 


663 

1565. 


263 

5**5. 


8*3 

36*05. 


6*5 

-20790. 


105 

21130. 


6*9 

3*3S. 


1055 

3365. 


1063 

1*35. 


1*56 

13820. 


1*59 

21815. 


1*63 

6155. 


1860 

860. 


1861 

1*395. 


1863 

2762. 


659 

-*90. 


1059 

-8710. 


1*61 

-IC695. 


18o2 

-5190. 


<79 

-5060. 


679 

-*0*0. 


681 

-7375. 


281 

-5*15. 


283 

-1620. 


683 

-865. 


685 

-1725. 


285 

-3*25. 


ENO NODAL 

LOAC DATA 



ENO LOAD OATA 




209.8 


t 

1 

i 





•/MOOEi / 

BEGIN SUBSET DEFINITION / 

SUBSETS OF STIFFNESS SET l / 

• / / 

• / SUBSETS FOR GEOMETRY PLOTS / 

El « ALL / 

Nl * ALL / 

•/ / 

•/ELEMENT SUBSETS FOR DESIGN / 

• /ALL SUBSETS ARE IN THE RANGE £100 TO El 49 / 

• / / 

•/ / 

• / / 

• / / 

•/ G R 0 U P 1 / 

•/ BODY SUBSET / 

E100 « 1027 TO 1073 BY 2 / 

• / / 

•/ GROUP 2/ 

•/ RING SUBSETS / 

•/STARTING NITH THE SPAR ELEMENTS REPRESENTING SPARS / 

•/BEGINNING AT FRONT SPAR AM) CONTINUING AFT / 

E101 » 2001 2003 2205 TO 2805 BY 200 3007 TO 3*07 BY 200 
3609 TO *009 BY 200 *211 4*11 *613 *713 *815 *915 
5017 5117 5219 / FRdNT SPAR 

£102 * 2201 2203 2*01 2*03 2601 2603 2301 2303 / 1 TO * INT SPARS 
E103 * 3001 TO 3005 BY 2 3201 TO 3205 BY 2 3*01 TO 3*05 3Y 2 

3601 TO 36C7 BY 2 / 5 TO B INT SPAR 

c 10* * 3801 TO 3807 BY 2 *001 TO *007 3Y 2 *201 To *209 BY 2 

*<.01 TO **CS BY 2 / 9 TO 12 INT SPAR 
E10S ■* *601 TO *605 BY 2 *301 TO *809 BY 2 5001 TO 5009 BY 2 

5201 TO 5205 BY 2 5*01 TO 5*09 BY 2 / 13 TO 17 INT SPAR TO FINE GRID 

£106 * 5601 TO 5617 BY 2 / REAR SPAR 

£107 * *611 TO 5511 BY 100 *813 TO 5513 BY 100 

5015 TO 5515 BY 100 5217 TO 5517 BY 100 / OUTBOARD INT SPARS 

•/ / 

•/SPAR ELEMENTS REPRESENTING RIBS / 

•/BEGINNING INBQARO / 

E103 » 6001 TO 6035 BY 2 / SIDE OF BODY RIB 

E109 * 6109 TO 6135 BY 2 / FIRST OUToOAMO RIB 

E110 * 6215 TO 6235 BY 2 / SECOND CUTBOARD RIB 

£111 « 6*25 TO 6*35 / ThIRO OUTBOARD RIB 

£112 * 6629 TO 6635 / FOURTH OUTBOARD RIB 

£113 - 6833 TO 6835 / TIP RIB 

•/ / 

•/AUXILIARY BEAMS / 

Ell* = 30002 TO 30011 / BEAMS AT THIRD RIB 1*55 RIB) 

El 15 » 20001 TO 20007 BY 2 21001 TC 21005 BY 2 / FIN ATTACHMENT BEAM 

- / 

•/ GROUP 3 / 

•/ *ING COVERS / 

•/STARTING INBOARD / 

El 16 * 7001 TO 10*01 BY 2uO / CENTER SECTION 

E117 * 7003 TO 7603 BY 200 / FIRST BAY FS TQ INT* 

E118 « 7803 TO 8*C3 BY 200 7805 TO 8*05 BY 200 8*07 / INT* TO INT8 TO FS 

El 19 « 8603 TO 9203 BY 200 8605 TO 9205 BY 200 

8607 TO 9207 BY 200 5309 9209 / INT8 TO INT12 TO FS 
E120 = 9*03 TO 9803 BY 200 9M)S TO 9805 BY 200 

9*05 TO 9805 BY 200 9*0T TO 9307 BY 200 

9*09 TO 9805 BY 200 / INT12 TO INTIS TO RIB *55 
6121 » 10003 TO 1C*03 BY 200 20005 TO 10*05 BY 200 

10007 TO 10*07 BY 200 10009 TO 10*09 BY 200 / INTI* TO RS TO *55 

Nl 21 * NODES IN E121 / 

E12’ * 9*11 TO 10511 BY 100 9713 TC 10513 BY 100 / 2 BAYS OUTBOARC *55 

El 23 * 9915 TO 10515 BY iOO 10117 TC 10517 BY 100 / 2 C0T604R0 BAYS 

• / / 

•/ TROUP* / 

•/ CONTROL SURFACES / 

E 12* = 107 TO 110 155 TO 157 / OUTBOARD 

E 125 * 101 TO 106 151 TO 15* / IN6GAR0 

•/ / 


209.9 



«* 


*/ 

G R 0 U 

P 5 / 


•/ 

E004 IS 

THE HORIZONTAL TAIL / 


•/ 

E002 IS 

THE VERTICAL WING FIN / 



E2 « SLAB V 594. / 

E4 • SPARS COVERS TORE 79 279 679 685 85 DUE. < OH 0. 0. 1. / 

•/ E200 AMO £201 ARE COMPOSITE SUBSETS / 

E200 • 27203 TO 28603 8V 200 7 

£201 - 27203 / 

ENO SUBSET DEFINITION / 

BEGIN MATERIAL DATA / 

M51 .16 / 


60 l. •-!! 

170.E3 

50.E3 

168.63 
•»8 / 

166. 6 3 

1 40. E 3 

138. 63 

136.63 

100.63 

98. E3 

96.63 


120 *12 

165. E3 
48. £3 

163. S3 
•»8 / 

1611c 3 

135.E3 

133.E3 

131.63 

95.63 

93.63 

91. E3 

s 

> 

200 *12 

•60. E3 
46. E3 

158.63 
•* 8 / 

156*63 

130.E3 

128. £3 

126.E3 

90. E3 

88.63 

86.63 

500 *12 
M52 .10 / 

130.E3 
26. 63 

128.E3 

*>a / 

126. c 3 

1C0.E3 

98. 6 3 

96. E 3 

60.63 

58.E3 

56. E3 

* 

50 1. *-11 

90. E3 
13. £3 

88. S3 
•■a / 

86.6 3 

70. €3 

68. E3 

o6.£ 3 

50.63 

48.63 

46. E3 


I 200 *12 

80. E3 
12. £3 

7B.E3 
•-8 / 

761E3 

60. E 3 

58. 63 

56. E3 

40.63 

18.63 

36.63 


j 600 *12 

END MATERIAL 

70. E3 
11. E3 
OATA 

68. £3 
*«8 / 
f 

66. c 3 

50. E3 

4d.E3 

•»6.E3 

30. E3 

28.63 

26.63 

\ 


BEGIN CES IGN CATA / 
MOOE 1 / 

BEGIN TABLE CATA / 


BC 51 

60 

.04 

.08 .12 

.30 110 

i.cl 115.63 120.63 130. 63 / 

* 

BC 51 

120 

• 4 

105.63 

110.63 

115. E3 

125.63 

/ 


6C51 

200 

•4 

100.63 

105.63 110.63 

120.63 

/ 


9C51 

SCO 

•4 

80.63 

85.63 

90. E3 

100.63 

/ 


BC 52 

60 


50.63 

52.63 

54. E3 

55. E3 

/ 


BC 52 

2C0 

•4 

48.63 

50.63 

52.63 

53.63 

/ 


BC 52 

500 

•4 

25.63 

26.63 

27.63 

27.5E3 

/ 


BS 51 

60 

• 4 

70.63 

75.6 3 

oO.E 3 

83. E3 

/ 

%. 

BS 51 

180 

*4 

o0.E3 

65.63 

70. E3 

72. £3 

/ 


BS51 

540 

*4 

30.63 

35.63 

•*0.6 3 

41. E3 

/ 


BS 52 

60 

• 4 

35. £3 

37.563 

40. E3 

41.563 

/ 


BS 52 

180 

*4 

JO. £3 

32.563 

35. E3 

36.63 

/ 


BS 52 

540 

*4 

15.63 

17.563 

20. E3 

20.5E3 

/ 

< 

END TABLE 

DATA 

/ 






SET 1 

/ 







; 

BEGIN 

PROPERTY 

CATA / 






BEAMS 

.5 / 








fcNC PROPERTY OATA / 






BEGIN 

FIXED CATA / 






El 17 

0 0 

.04 

.03 .03 

0 0 .04 

.03 .03 / 


' 

ENO PIKED 

DATA 

/ 






BEGIN 

LOWER 80UNC CATA 

i 





El 18 

0 0 

.06 < 

0 0 0 0 

.05 0 0 

/ 



* 

El 19 

0 0 

.06 

0 0 0 0 

.06 0 0 

/ 




£120 

0 0 

.07 

.04 0 0 

0 .06 .03 0 / 



; 

E121 

.5 0 

.06 

.04 0 

.5 0 .06 

1 .04 0 

/ 



El 22 

.5 C 

.09 

0 0 0 

o .09 a 

l 0 t 




E123 

0 0 

.045 

0 C 0 0 

.045 0 

0 / 



- 


SPARS .04 .7 .5 / 

ENO LONER SOUND DATA / 

BEGIN UPPER SOUND DATA / 

6123 00 .15 0 0 0 0 .12 0 0 / 

ENO UPPER BOUND CATA / 

BEGIN MAAGIN DAM / 

E120 .15 / 

64 SPARS .20 / 

N6833 .35 / 

ENO MARGIN DATA / 

BEGIN S 1 2 ING DATA / 

M5 / 

N51 E121 SCSI 6S51 .5 / 

M52 El 22 BCS2 B .65 / 

M51 SPARS 8 3S52 / 

ENO SUING OATA / 
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m * *•"< 


ft 


BEGIN RESTRAIN SUING ORTA / 

El 16 / 

E125 / 

E4 COVERS / 

BEANS / 

E12* / 

E2 / 

END RESTRAIN SIZING DATA / 

BEGIN OPT IMIZAT ION DATA / 

CCOVEA E200 E20 l / 

ENC OPTIMIZATION DATA / 

STAGE 211/ 

BEGIN LOADS CATA / 

CASE SVNN 10. / 

CASE SVNN ZO. T400 E121 / 

CASE SVNN 15. T350 S122 / 

CASE SVNN 10. I3C0 E123 / 

CASE SVNN 15. E10S / 

CASE SVNN 30. E 107 / 

CASE SVNN 30. E 106 / 

CASE SVNN 2000. E200 / 

ENO LOADS OATA / 

BEGIN SUPERPOSITION OATA / 

CASE HEAVY 15. SVNN 15. SVNN E 106 / 
END SUPERPOSITION CATA / 

ENO OESIGN OATA / 

ENO PROBLEM OATA / 
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Figure 209-3- SPAR Element Subsets for Design 


209.16 











210. THERMAL FULL!' STRESSED DESIGN 


{DECK 17) 


210.1 DESCRIPTION OF PROBLEM 

This demonstration problem consists of a thermal fully 
stressed design of the well-known 25-bar transmission tower. The 
model and loading are based Ufon the information shown in 
reference 210-1. The loading consists of nodal loads at four 
nodes and thermal loads at each node. The model is shown in 
figure 210-1. 

The design is performed iteratively and terminated when the 
relative weight change is less than 5*. The starting point for 
the design variables is unit area for all 25 ROD elements. 

210.2 RESULTS 

The analysis stabilized after two iterations to a relative 
weight change of less than 5*. The total weight compares quite 
favorably with that reported in reference 210-1. A plot of 
weight vs. design cycle is shown in figure 210-1. Thermal 
margins of safety for the elements on one face of the tower are 
shown in figure 210-3. 
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LISTING OF CONTROL PROGRAM AND DATA 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 


eFG IN CCNTRCL MATRIX PRCGPAM CEK0I7 

PRC 01 . EM ir.I3EMQl7 - THERMAL CESIGN UF A 25-BAR TRUSS ) 

PJPPCSE THE PRINCIPAL CAPABILITIES DEMCNSTPATEO BY THIS 

DECK ARE 

1. THERMAL cesign 

2. PLOTS OF THERMAL MARGINS CF SAFETY 

AbTHCR 9JCRN BACKMAN 


CCRE 1A5K (OCTAL) 


USER C 0 » MUN (SEGCYCL.ENCCVCL.CURCYCL.CCNvEPG.I SET, I STAGE. I PCS) 
INTEGCR EEGCYCL • CUE CYCL .ENOCYCL 
CIMENSICN C0NVERCI17) 

CCNVERGI 15) « ,C5 
CCNVERG I 1G ) * l.C 
ENCCVCL * 5 • 

READ LNPUT 

PRINT INPUTINCOAL) 

Pm I NT INFUTI STIFFNESS) 

EXECUTE EXTRACT I CXNAME =C ECM.L SUfl=KGR I C.LSU&* El .NSUB=M ) 

EXECUTE CPAPHCSIGTJAmE*GEC.m,CFFLIN'£=CALCC.MP, tyPE=PPTH,SI 2E*( 15., 
X 15. I.LABEL=N.R2 = 20..FY*lC..Px«C..EXN4«'£=GcCM» 

IFI3ECCYCL .LT. 11 0E^CYCL*1 
I F ( ENOCYCL .LT. CCGCYCL ) ENCCVCL=0£GCYCL 
CdRCYCL « BEGCVCL 
I F( 0EGCVCL .EC. 1) GO TC 7CCCI 
C 

C IMS IS A r E ST ART , 

C LCAD PANCOM FILES F PCM SAVESSA 
C 

l LAD FILES! SAVESSA=RE«IN'DI 

SAVE MATRIX! SAVE SSA=PEHlNO.MEFGPNF, 031) 

GC TC 70CC2 
70CG1 CONTINUE 
C 

C BEGCYCL * 1, 

C CCMPUTE ANC PFIM INITIAL height 
C 

E * r CUT E MASSISET=1I 
70CC ’ CCNT INUE 

CALL GESCCNS 

IFICUPCYCL .EG. C) call EXIT 
C 

C CtSIGN CYCLES EEGCYCL THROUGH ENCCYCL 
C 

70CC i CONTINUE 

EXECUTE ST IFFNCSS(SET*1,IUMP*C.C) 

EXECUTE MERGE I ST IFFNESS.SET.l, STAGE" l,Kll«ll , Kl 3>l 3 , K33-33 ) 
EXECUTE 1C ACS I SET. I, ST ACE • 1 , LC « ALL . MA 1 E R I Al-CGNST ANT » 

EXECUTE MERGE I LO AOS, SET • I , ST ACE-l . LI l> 1 1 ,L3l ■ II ) 

IFICUPCYCL .GT. l| GO TD 7CCCA 
C 

C FIHST CYCLE, FIERCE ANC SAVE SUPPORT 01 SPl ACE FFNTS 

C • 

EXECUTE MERGMClSPLACE.'*E,StT«l,STAufc«l,C3l*3l) 

SAVE MATFlX(SAVtSSA>PEWlNC,MEPGRNF,031) 

7000A CCNT INUE 

EXECUTE MUL T|PLV(TEMP«[lII-K13*03IJ| 

EXECUTE CHOI ESN Y ( SOL VE,Kll,011, TEMP ) 

IFICUPCYCL .10. ENOCYCL I GC TC 7CCC5 
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c 

C INTEPPECIATE CYCLE. ASSEMBLE DISPLACEMENTS ANO 
C COMPUTE STPESSES IN INTERNAL C**0£B 
C 

EXECUTE STS ESS1 SET* 1* STAGE *1» INTERNAL .Ol-Ul ,03>C3ll 
GC Tf 7C00* 

700C5 CGNfINUE 
C 

C LAST CYCLE, ASSEMBLE Cl SPLACE^ENTS AND 
C CCMPUT £ STRESSES IN USER CRCE* 

C 

EXECUTE STRESS! SET * l . ST AGE * 1 .R I *01 1 , 03*C3I I 
TOOJb CONTINUE 

EXECUTE LFSICNC SE T* l , ST ACF * l ,C YCLt =C LRC VCL .PRCCECUR £ *1 , TFSC .NCFS3I 
EXECUTE PASSISET.1I 
CALL OESCCNS 

IflCURCYCL .CE. ENCCYCLI GC TC 7CC07 

PURGE F ILLS (PERGRNF, CHCLPNF «.• LL TRNF , ST I FRNF , LCACBNF , STRF. “NF , 

X PASSRNF1 

LCAC FILESI SAVcSS*--RE.!NCI 
CUFCYCL « CLPCY CL ♦ l 
GO TC 7CC03 
7000? CONTINUE 
C 

C LAST CYCLE. 

c compute react ions anc ppepare savess* 

C 

EXECUTE MULTIPLY IASI *[-L3l»« l 3t T I *D 1 l ♦* 3 3*03 l J I 
SAVE MAfPlXI SAvCSS^.MLLTPNF ,P3l» 

SAVE ' ATP IX ( SAVF SSX, V4SSPNF, TCTLhT*l 

SAVE FILESI SAVFSSA.OATARNF.CSS IRNF.LCACPNF .STRtRNF) 

PRIM ULTPUI (CESIGN) 

PRINT OLTPUTITES IGN.MISTCRY.f YCIE=REGCYCL TC ENCCYCL) 

EXECUTE EXTRACT! tXNAME -MARGIN.L SUB =TMS,CYCLE=ll ti .?» ,c SU3=E2. 

X N SUB =N2 ) 

EXECUIE CPAPHICSIC ,AME*MAPCIN.IYPE=ORTH ,SI EE *I2C. ,20.) • 

X SCALAR =P CT W S. S SCALE *3, VY*-l .EXNAMF ^MARGIN) 

ENO CCMFCL PPCGPAM 


210.3 



BEGIN MATER I AL OAT A / 

M51 .101 t 

0 1.E7 .3 3.866 0. 1.E7 .3 3.8E4 C. 1.E7 .3 3. 866 . 

60. E3 **17 / 

500 1.E7 .3 3.866 6. <*6-3 1.E7 .3 3.SE6 6.66*3 1.67 .3 

6.66-3 60.63 »*17 / 

END MATERIAL OATA / 

BEGIN NODAL CATA / 


1 

0. 

-25. 

200. 

/ 

2 

0. 

♦25. 

200. 

/ 

3 

-37.5 

37.5 

100. 

/ 

6 

37.5 

37.5 

100. 

✓ 

5 

37.5 

-37.5 

100. 

/ 

6 

-37.5 

-37.5 

ICO. 

/ 

7 -100. 

100. 

0. 

/ 

8 

100. 

100. 

0. 

/ 

9 

100. 

-100. 

0. 

/ 

10 

-100. 

-100. 

0. 

/ 

ENO 

NOCAL 

OATA / 




3EGIN STIFFNESS OATA / 
dEGIN ELEMENT OATA / 


ROD 

MSI 

N 1 

1 

2 

1. 

/ 

ROO 

M51 

N2 

1 

6 

1. 

/ 

ROD 

M51 

N3 

2 

* 

1. 

/ 

ROO 

M51 

N6 

1 

,5 

1. 

/ 

ROO 

M51 

N5 

2 

6 

1. 

/ 

ROO 

M51 

N6 

2 

6 

1. 

/ 

ROD 

M51 

N7 

2 

5 

1. 

/ 

ROO 

M51 

NS 

1 

3 

1. 

/ 

ROO 

M51 

N9 

1 

6 

1. 

/ 

ROC 

M51 

N 10 

3 

6 

1. 

/ 

ROO 

M51 

Nil 

6 

5 

1. 

/ 

ROC 

M51 

N12 

3 

6 

1. 

/ 

ROD 

N51 

N13 

5 

6 

1. 

/ 

ROO 

M51 

N16 

3 

10 

I. 

/ 

ROC 

N51 

N15 

6 

7 

1. 

/ 

ROC 

N51 

N 16 

6 

9 

1. 

/ 

ROC 

M51 

N17 

5 

o 

1. 

/ 

ROC 

M51 

NIB 

6 

7 

1. 

/ 

ROC 

M51 

N19 

3 

e 

1. 

/ 

ROC 

N51 

N2U 

5 

1C 

1. 

/ 

ROD 

M51 

N21 

o 

9 

1. 

/ 

ROC 

MSI 

N22 

6 

10 

1. 

/ 

ACC 

MSI 

N23 

3 

7 

1. 

/ 

ROO 

MSI 

N26 

5 

9 

1. 

/ 

EGO 

M5i 

N25 

6 

B 

t. 

/ 

ENO 

ENO 

ELEMENT 

STIFFNES 

LATA / 
S OATA 

/ 



3EGIN oC OATA / 

ScT 1 STAGE 1 / 

SUPPORT TX TV T l FOR 7 3 9 10 / 

ENO 9C OATA / 

BEGIN LOACS CATA / 

SET l STAGE l / 

BEGIN NOOAL LOACS OATA / 

FREEDOM Fxl FY1 F21 FX2 F Y2 F72 FX3 FX6 / 


1 1000. 10000. -5000. 1000. 10000. -5000. 500. 500. I 

ENG NOOAL LOACS OATA / 

9EGIN nooal thermal lcaos oata / 

CASE 2 / 

1 2 100 . / 

3 TO 6 30. / 

7 TO 10 -35. / 

ENO NCOAL THERMAL LCAOS OATA / 

ENO LOADS OATA / 

36GIN SUBSET OEFJNITIUN / 

SUBSETS OF STIFFNESS SET 1 / 

61 * ALL / 

N 1 « ALL / 

N2 * 1 5 6 9 10 / 

E2 » ALL IN N2 / 

ENO SUdSET 06FINITI0N / 


0 

3.8E6 
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BEGIN DESIGN DATA / 

NODE 1 / 

SET i / 

BEGIN SUING OATA / 

NSl / 

ENO SUING OATA / 

STAGE I I 0 THI / 

BEGIN THERMAL DATA / 

CASE UEF U 1. 1 1. 2 / 

END THERMAL OATA / 

ENO DESIGN OATA / 

ENO PROBLEM OATA / 
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Initial 





>f Safety, 


25-Bar Transmission Tower 
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211. FLUTTER ANALYSIS OF AN SST AIRCRAFT 


(DECK 4) 


211.1 DESCRIPTION OF ANALYSIS 

Four separate flutter analyses of an SST aircraft are 
performed in this demonstration problem. The structural model, 
shown in figure 211-1, is the same as that described in section 
203. The same degrees of freedom are retained in the vibration 
analysis; only the symmetric modes are considered. 

The mates is modelled using mass plate elements as shown in 
figure 211-2. The mass of the stiffness elements is ignored. 

The vibration analysis is performed using a reduced stiffness 
matrix and a non-diagonal reduced mass matrix produced directly 
by the Mass Processor. 

All four flutter analyses employ the same set of generalized 
coordinates which are equivalent to the first twenty free -free 
synrnetric vibration mod«.s. The first flutter analysis, performed 
at Mach 0.8, is based on an aerodynamic model of the wing and 
tail using only the tail oscillations. Doublet Lattice airforce 
theory is used. Aerodynamic influence coefficients are obtained 
for four reduced frequencies. They are produced by FLEXAIR to 
obtain two sets of generalized airforces; the first set includes 
the effects of the flexibility of the truncated higher frequency 
modes of vibration, while the second set does not. V-g and V-f 
plots are obtained for both sets of generalized airforces . This 
analysis is shown schematically in figure 211-3. 

The second flutter analysis is also based on the Doublet 
Lattice theory, but includes the wing, body and tail in the 
aerodynamic representation. Only the first ten generalized 
oordinates are used in the flutter analysis. This analysis is 
shown schematically in figure 211-4. 

The third flutter analysis is performed at Mach 1.526 using 
Mach Box aerodynamics including the aerodynamic influence of the 
wing upon the tail. Only the lowest ten vibration modes are 
used. A consistent flutter speed and altitude consistent with 
the Mach number (matched point) is calculated. This analysis is 
shown schematically in figure 211-5. 

The fourth flutter analysis is performed at Mach 0.8 using 
RH03 aerodynamics for the wing and control surfaces. Doublet 
Lattice aerodynamics are used for the tail with inter-surface 
aerodynamic interaction ignored. The flutter analysis is 
performed for several combinations of generalized coordinates. 
This analysis is shown schematically in figure 211-6. 


21 * 1.1 
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4 
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211.2 RESULTS 


Results of the flutter analyses are presented as V-g and V-f 
plots. Results of the first analysis are presented in figures 
211-7 to 211-10. RESULTS of the second analysis are presented in 
figures 211-11 and 211-12. 


BOEING COMMERCIAL AIRPLANE COMPANY 
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LISTING OP CONTROL PROGRAM AND DATA 


BEGIN CUNMCL PROGRAM DEM004 

PROBLEM I0I0EM09A - FLUTTER ANALYSES GF AN SST AIRCRAFT! 

C 

C PURPOSE 
C 
C 
C 
C 
C 
C 
C 
C 

C AUTHOR 

c 

C CORE 

C 

READ INPUT 
PRINT I NPUT ( NODAL! 

PRINT INPUTIST IFFNESS1 
PRINT INPUT I HASS ! 

EXECUTE EXTRACT! EXNAME*KGR ID, L SUB=KGP I0,ESUB«E1 ,NSU8 = N11 
EXECUTE GRAPhI CS (GNAKE S GE JMtOFFL INE=GEPBER» 

X TYPE = (ORTH, POINT! .SIZE-130, 20! ,RZ*30,RY*20,RX*0, 

X EXNAME'KGR 10) 

EXECUTE EXTRACT ( EXNAHE *MGR 10* L SUB=MGR 1 0 »E SUB = E2 »NSU3=N2 I 
EXECUTE GR APHl CS IGNAME *GEOM, TYPE * I OR TH .POINT! , S I 2E- (30 ,20 1 . 

X RZ*30»RY*20»RX*0»EXNAME*MGRID1 

C 

C CALCULATE NORMAL MOOES 
C 

PERFORM K-REOUCE 

PRINT INPUT I BC i 

EXECUTE MASS (OPTIONOI 

PRINT OUTPUT IMASS, MDC»MOC****l 

EXECUTE VIBRATION ( ST I F*KP EO, MA$S*MDC001A ,NFREQS*16. 

A SUBSETS*INSl,NA2,NA3,N53.NAA,NAS,N5 5,NA6,NS6,N57,N67,Nb2,N991l 
PRINT OUTPUT (VIBRATION, 

A SUBSETS=IN51.NA2,NA3,N53,NAA,NA5,N55,NA6,N56,N57,N67,N62,N99!I 
C 

C INTERPOLATE MODE SHAPES 

c 

EXECUTE INTER P ( N62= ( BEAMSPL INE ,C062 ) . DOF=1COO, BEAM0=N06A , 

A BEAM - (N063,N065,N066), BEAMI * (N068 TO N070« N061I! 

EXECUTE INTEPP I 

A N51*(M0TI0NAXIS ,C5l! , OOF » 1000.DEFNPT S- I l .891 , ANGLES* 1 90 .0 , 90 .0 ) , 
B NA2*( SUPFSPLINE J.OOF.IOOO, 

C NA3 , OOF* 100G, 

0 N53-MOT IONAX I S,DOF« IU O.UEFNPTS-! B3,2B3. A83, 683! , 

E NAA*SURFSPLlNE, OOF-IOOOO, 

F. NAS, OOF *1000) 

EXECUTE INTERP I 

G N55=( MOT ION AXIS ,C55) , DOF *11 10.DEFNPTS* 1263,663 1 , 

H NS6,nUF*ll 10.0EFNPTS*! IA63, 1663,18631 , 

1 N 5 7, OOF *111C,0EFNPIS*I285,68S), 

J NA6 = t SU°F SPL INE ,C A6 1 , OOF * 1000, 

K N67* (MUT10NPTI, OOF * 1 1 1 3, 

Z 1 


THE PR INF IPAL CAPABILITIES OEMONSTPATEO BY THIS 
DECK APE 

1. DUQLAT AERODYNAMICS 

2. RESIOUAL FLEXIBILITY (FLEXAIR) 

3. MACHBOX AERODYNAMICS 
A. RH03 AERODYNAMICS 

5. FLUTTER ANALYSES 

6. V-G AMO V-F PLOTS 

JOhN H0GL6Y 
2 6 OK I OCTAL I 
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OOU OCMJO <J O U O 


EXECUTE INTEFP ( 

L N57 = ( POL V.^OM ! AL.C7 7 J ,MOOE, AOO*U 0, MODE , MODE, A10* 10.01 
EXECUTE INTFkt’ ( AIC*N99, 

A N<(Ml,aCJ, D0F=1000, 

0 N43=( 1.CA43), DCF =1000) 

FLUTTER ANALYSIS USING DUBLAT KITH AND WITHOUT FLEXA IS 


EXECUTE DUBLAT I CASE*3, MACH=0.8. KVAL * 1 . 005 , . 002 . . 0006 , .000 1 > ) 
EXECUTE FLEX A IK ( ID*FL01, DUBLAT, CASE*3, ALT*(0.0, 10000.01, 

A FREEDOMS* (T2263, RY263I, SUBS£T*N991 
PRINT OUTPUT IFLEXAIK, 10*FL01, ALT=C.O, KVAL* 1 .005 ♦. 002, .000 III 
EXECUTE FLEXAIR I ID=FL32, DUBLAT, CASE«3, 

A FLUT FSE0=O .0 , FR EEOQMS*! T22b3, RY263I , SUBS£T*N99, ALT*0.0l 
PRINT OUTPUT IFLEXAIK, ID*FL02) 

EXECUTE ADOINT I I D=A FD, INT, FLEXAIR = FL01 1 

EXECUTE FLUTTER ICAF ID* AFD, C0ND*4, VMAX*2000.0> 

PRINT OUTPUT {FLUTTER, CASE=l, C0ND*4I 

EXECUTt EXTRACT ( tXN A.ME = FLPL40 . LSUB=VGVF, C0N0=4) 

EXECUTE GRAPHICS 1 GNAWE=FLPL4D, TYPE=G«APH, X=V, Yl = G, Y2*F, 

1 XNIN=C.O, XMAX = 1000. 0, Yl'UN*-.l, Y1KAX=.1, Y2KIN=0.0. Y2MAX*9.0, 

2 S12E=(6,6),EXMME=FLPL4D) 

EXECUTE ADOINT (ID=AFE, INT, FLEXA IS =FL02I 

EXECUTE FLUTTER IGAFID* AFE , COND* 5, VMAX=2000.0I 

PRINT OUTPUT (FLUTTER, CASE=l, C0N0=5l 

EXECUTE EXTRACT I EXN AME =FLPL4E , LSUB=VGVF, CQND=5I 

EXECUTE GRAPHICS I GN AHE=FIPL4£ , TYPE-GRAPH, X=V, Yl=G, Y2 = F, 

1 XMIN=0.0, XMAX = 1000. 0, Y1 MIN*-. 1 , Y1MAX=.1, Y2MIN=0.0, Y2MAX = 9.0, 

2 EXNAME* FLPL 4E I 

FLUTTER ANALYSIS* USING DUBLAT FOR WING, TAIL, ANO BOOY. 

AOOITK.NAL AIRFORCES FROM ADOINT. 

PRINT INPUT IDUBLAT, CASE=2 I 

EXECUTE DUBLAT ICASE*2 - , HACH=O.B, BREF=1000.0, QUASI*WT, 

A KVAL= 15. 0, 2.0, 1.0, 0.6, 0.2)1 
PRINT OUTPUT IDUBLAT, CASE=2, LEVEL* (1.2,3,4,51) 

EXECUTE ADOINT (10 = AFB , INT, OUBL A T,C A SE=2 ,GE T= 73 I 
PRINT OUTPUT (ADOINT, ID* AFB , KVAL* (2.0, 1.2, O.S, 0.31) 

EXECUTE FLUTTER I GAF ID = AF B , C0ND*2 , 

A STILL ,NM0DES = 1D, I TSR = 3, DENSITY*. 0020482) 

PRINT OUTPUT I FLUTTER , CASE*1, C0ND*2) 

EXECUTE EXTRACT I EXNAME =FLPL4B, LSUO*VGVF, CCN0*2) 

EXECUTE GRAPHICS I GN AM E = FLPL4B , TYPE =GR APH • X*V, Yl*C, Y2*F, 

1 XMIN*0. , XMAX *1000., Y1MIN*-1.,Y1MAX*1. ,Y2HIN*0. ,Y2MAX=10., 

2 EXNAMfc*FLPL4BI 

FLUTTEP ANALYSIS USING MACH80X FOR 2 NON-COPLANAR SURFACES 
WITH SUBSONIC LEADING EDGES 

PRINT INPUT t H4CHBUX ) 

EXECUTE MACHBUX ( MACH * 1 . 5, CO, NO* I, BREF*10C3.0 , 

A KVAL * I 10. 0, 2.0, 1.0, 0.4 , 0.15 )) 

PRINT OUTPUT (MACHdflX, LEVEL = (l,4)l 
EXECUTE ADOINT l 10 = AFC , I NT .MACHDOX , I GE T= 1401 
PRINT OUTPUT I ADD 1 NT , 1 D = AFC ) 

PRINT INPUT! FLUT T£S 1 

EXECUTE FLUfTfcR (GAFID=AFC, C0ND=3, 

B EVEC* FLUT Ttf , A VEC * f LUT f ER , 

A NMOOtS* 10.NRF* AO, HPS *5000.0, NALT*3) 

PRINT UUTPUT IFLUTTEP, CA$E=1, CONO*3I 

EX6CUTC EXTRACT I E XN AM£ *FLPL4C , LSU9*VGVF, CUN0=31 

EXECUTE GRAPHICS l GN AM£*FLPL4C , TYPE *GR APH , X*V, Yl*G, Y2*F, 

1 XMIN*4 20. , XMAX *2000. , Y I M I %*- . 237 , Y 1 MA X * . 56 8 , Y2 MI N= 1 . . Y2M AX* 5 . , 

2 EXNA.ME* FLPL 4C ) 


origin^ 
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C FLUTTER ANALYSIS USING RH03 FOR MING WITH CONTROL SURFACES AND 
C OUBLAT FOR TAIL. RESULTS COMBINED USING AOUINT. 

C 

PRINT INPUT (RHQ3) 

EXECUTE RHO 3 ( MACH • 0.8, 

A RVALUES » ( 9.005, 0.002, 0.001, 0.0007, 0.0005,0.000111 

PRINT OUTPUT (RH03) 

PRINT INPUT (OUBLAT ) 

EXECUTE 0U3LAT (NACH«0.8,KVAIUE*I5.0,2.0,1.0,0.7,0.4,0. 1) , 

A BREF-1900.0, CUASI-TCJ I 
PRINT OUTPUT (OUBLAT, LEVEL- (1,2,511 
EXECUTE AOOINT I 10- AFA,AOO,1NT,RH03. OUBLAT, IGAIN-25 I 
PRINT OUTPUT (AOOINT, IO-AFA, KVAL- (.005, .001, .00076, .03025)1 
EXECUTE FLUTTER IGAF IO-AFA, OEMS! TV. C023482 , GCRUSS* ( . 03, .0, .05 ) , 
A VMIN- 500.0, VMAX-1 500.0, FM1N-2.8, FMAX-J.5, 

A EVAL-I1 TO 126 8Y 2 01, EVEC-I FLUTTER , 1, 51, 101), AVEC-FLUTTEA I 
PRINT OUTPUT (FLUTTER, CONO-1) 

EXECUTE EXTRACT ( EXN AME-FLPL4A; LSUB- VGVF ,CONO«l ) 

EXECUTE GRAPHICS (GNAME-FLPL4A, TYPE-GRAPH, X-V, Yl-G, Y2-F, 

1 XMIN-O. , XMAX-2C0 0. , Y1MIN— .1, YIMAX-.i, Y2MIN-0., Y2M4X-10.0, 

3 EXNAME-FLPL4A) 

EXECUTE GRAPHICS (GNAME -FCPL4A1 , TYPE-GRAPH, X-V, Yl-G, Y2-F, 

1 XMIN- 5C0. , XMAX- 1509. ,Y1MIN-— .05, Y1HAX-.35, Y2MIN-2.8, Y2MAX-3.5, 

2 EXNAME- FLPL4 A ) 

Ei.U CONTROL PROGRAM 
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•/ MODE 2 / 

BEGIN MACHBOX DATA 

LABEL DEMON'S T PA T I C/J PROBLEM - BOTH SURFACES 
BEGIN GEOM 

BOX 12 XCENTES 2710. C 
SURFACE 1 

LEADING EOGF 510.0 0.0 741.0 65.1 2065.0 455.0 2407.0 504.0 2904.0 7)4.0 

TRAILING EPGF 2715.0 0.0 2715.0 65.1 2697. C 220.0 2 749.0 455.0 2074.059 594.0 
3054. C 794.0 

SURFACE 2 0.0 20.0 0.2 

LEADING EUGE 2985.0 0.0 312w.O 65.1 3386.0 228.0 
TRAILING EDGE 3400.0 0.0 341 7.0 65. 1 346'.. 0 228.0 
END GEOM 

BEGIN MUD AL DATA 
USE C062 WITH SURFACE 1 
USE C05 3 WITH SURFACE 2 
END MODAL DATA 
END MACHbOX DATA 
BEGIN RHU3 DATA 
BEGIN GEOMETRY DATA 
MAIN SURFACE MSI 

LEADING EDGE 510.0 0.0 741.0 65.1 2065.0 455.0 2487.0 594.0 2884.0 794.0 

TRAILING EDGE 2715.0 0.0 2715.0 65.1 2697.0 228.0 2749.0 455.0 2074. C59 594.0 
3054.0 794.0 

DUWNWASH BAR ♦ 


CHORD 0. 

2 

-0.86 - 

0.64 -3. 

X 

0. 

3 

0.64 

0.86 


CHORD 0. 

45 

-0.86 - 

0.64 — 0. 

3 

c. 

3 

0.64 

0. 86 

♦ 

CHORD 0. 

6 5 

-C.S6 - 

0.o4 -0. 

i 

V • 

3 

0.64 

0.86 

♦ 

CHORD 0. 

70 

-0.86 - 

0.64 -0. 

3 

c. 

3 

0.64 

0.86 

♦ 

CHORD 0. 

88 

-0.36 - 

3.64 -3. 

3 

0. 

3 

0.64 

0.36 

¥ 

CHORD 0. 

95 

-0.86 - 

0.64 -0. 

3 

0. 

3 

0. 64 

0. 8o 


CONTROL 

SURFACE CS1 

HINGE 

2500 

• 

0 65. 

0 25C0 

I.o 

MODE 

1 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

2 

0.0 0.0 

0.0 3.0 

¥ 






MODE 

3 

0.0 0.0 

0.0 0.3 

¥ 






MODE 

4 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

5 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

6 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

7 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

8 

0.0 c.o 

0.0 0.0 

¥ 






MODE 

9 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

10 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

11 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

12 

0.0 C’.O 

0.0 0.0 

¥ 






MODE 

13 

0.0 0.0 

0.0 0.0 

¥ 






MODE 

14 

0.0 0.0 

0.0 0.0 

¥ 






MOOE 

15 

0.0 0.0 

C.O 0.0 

¥ 






MODE 

16 

0.0 0.0 

u . 0 0.0 








CONTRUL SURFACE C>2 HINGE 2769.0 538.0 2995.0 765.0 

ENU GEOMETRY DATA 

BEGIN MODAL DATA 

USE CD42 WITH MAIN SURFACE 

USE C55 WITH CONTROL SURFACE CS1 

USE C056 WITH CONTROL SURFACE CS2 

END MODAL DATA 

BEGIN OPTION DATA 

LABEL DEMONSTRATION PRGBLEM - TwO CONTROL SUPFACCS 
SFCTIONAL FORCES 
PRESSURE REPORT 

VELOCITY PROFILE DIE 1 1. D Tc l 1. 0.0 l.OOC'Ol 0.5 1.00002 1.0 1.0 

END OPTION ' TA 

END RHO 3 D-< A 

BEGIN DUOLAT DATA 

CASE 1 

BEGIN GFUMF TRY DATA 
LIFT ING SURFACE DATA 

PANEL Tl 2985.) 3365. C 3386.0 3446.0 0.0 228.0 0.0 3.0 



! CHORD UIV 0.0 0.2 9.4 0.6 0.8 1.0 

SPAN 01V 0.0 0.25 0.50.75 1.0 

PANEL T 2 3365.0 3400.0 3446.0 3464.0 0.0 228.0 0.0 0.0 

CHORO DIV O.C 1.0 
SPAN 01V 0.0 0.25 0.5 0.75 1.0 

END GEOMETRY DATA 
BEGIN suoset OATA 
1 Si 'SETS OF BOXES 

&OU.ET 1 1 TO 20 
SUBSET 2 21 TO 24 
END SUBSET OATA 

- BEGIN MODAL DATA 

f ' USE C053 WITH LIFTING SURFACE 1 

USE C057 WITH LIFTING SURFACE 2 
END MODAL DATA 

CASE 2 , 

BEGIN GfcO.METRY OATA 
LIFTING SURFACE OATA 

PANEL W1 741.0 2500.0 1419.3 2500.0 65.1 265.0 0.0 0.0 
CHORD DIV 0.0 0.25 0.5 0.75 1.0 
SPAN 01V 0.0 1.0 

PANEL H2 1419. S 2500. 2023.0 2500.0 265.0 329.5 0.0 0.0 

CHORO DIV' 0.0 0.25 0.5 0.75 1.0 
SPAN DIV 0.0 1.0 

PANEL W2A 2500.0 2715.0 2509.0 2715.0 265.0 329.5 0.0 O.C 
CHORD DIV O.C 1.3 
SPAN DIV O.C 1.0 

PANEL W3 2C28.0 2500.0 2487.0 2825.(3 329.5 594.0 0.0 0 0 f 

CHORO DIV C.O D.25 0.5 C.75 1.0 f 

SPAN 01V 0.0 C.4 0.7 C'.9 1.0 J 

PANEL W3A 250U.0 2715.0 2825.0 2874.0 329.5 594.0 0.0 0.0 

CHORO DIV 0.0 1.0 

SPAN OIV 0.0 0.4 0.7 0.9 1.0 

PANEL W4 2487.0 2825.0 2884.0-3023.087 594.0 794.0 0.0 0.0 
CHORD DIV 0.0 0.25 3.5 0.75 1.0 
SPAN OIV 0.0 C . 5 0.8 1.0 

PANEL CS1 2500.0 2715. C 2500.0 2715.0 65.1 265.0 0.0 0.0 
CHORD DIV 0.0 1.0 
SPAN OIV 0.0 1.0 

PANEL CS2 2825.0 2874.0 3G23. rt 87 305'. 0 594.0 794.0 0.0 C.O 
i CHORO OIV O.C 1.0 

SPAN DIV O.C 0.5 0.3 1.0 

PANEL WF 2487.0 2874.0 2830.0 2940.0 594.0 594.0 0.0 134.0 
' CHORD DIV 0.0 0.5 1.0 

SPAN OIV 0.0 0.65 1.0 

PANEL Tl 3124.0 3380. 0 3386.0 3446.0 65.1 228.0 O.C 0.0 
CHORD DIV C.O 0.5 1.0 
SPAN OIV 0.0 0.7 1.0 

PANEL T 2 3380.0 3417.0 3446. 0 3464.0 65.1 228.0 O.C 0.0 

CHORO DIV 0 .0 1.0 

SPAN DIV 0.0 0.7 1.0 

INTERFERENCE SURFACE DATA 

BODY 81 

PANEL B 1 0.0 6C0.3 594.0 600.3 0.0 65.1 -65.1 0.0 
CHORO OIV 0.0 1.0 
SPAN OIV 0.3 l.C 

PANEL B2 0.0 6C0.0 594.3 6C3.0 0.0 65.1 65.1 0.0 

CHORO DIV 0.0 1.0 
SPAN OIV 0.0 1.0 

PANEL B 3 60C.0 3654.0 633.0 3654.9 0.0 65.1 -65.1 0.0 
CHORO OIV 0.0 C.l 0.2 C.3 0.4 0.5 0.6 v. f 0.8 0.9 1.0 
SPAN OIV 0.0 1.0 

PANEL B4 600.0 3654.0 633.0 3654.0 0.0 65.1 65.1 0.0 

CHORO DIV 0.6 0.1 0.2 C.3 0.4 0.5 0.6 0.7 0.3 0.9 1.0 

SPAN OIV 0.0 1.0 

DOUBLET DATA 

BODY B 1 7C0UBLET 

AXIS DIV 0.0 600.7 3564.0 

RADII 0.0 65.1 65.1 

END GEOMETRY OATA 




BEGIN SUBSET CAT* 

SUBSETS OF BOXES 
SUBSET 81 1 TO 4l 
SUBSET 82 42 

SUBSET 83 43 TO 45 

SUBSET 84 46 TO 49 

SUBSET B5 SC TO 53 

SUBSET 66 54 TO 55 

SUBSETS OF STB IPS 
SUBSET Si 1 15 
END SUBSET DATA 
BEGIN MOOAL DATA 

USE C042 WITH LIFTING SURFACE Bl 
USE C053 WITH LIFTING SURFACE 6S 
USE C044 WITH LIFTING SURFACE B4 
USE C045 WITH LIFTING SURFACE B2 
USE C056 WITH LIFTING SURFACE B3 
USE C05 7 WITH LIFTING SURFACE B6 
USE C51 WITH BODY DOUBLET Bl 
USE C51 WITH INTERF BODY Bl 
END MODAL DATA 
BEGIN OPT l CM DATA 
VELOCITY PROFILES 

PROFILE PI C.O 1.0 0.3 1.2 0.6 l.l 1.0 1.0 

USE PI ON SI 

PRESSURE CORRECTIONS 

USE 0.85 0.0 AS SCALAR ON B3 84 

END OPTION DATA 

CASE 3 

BEGIN GEOMETRY DATA 
LIFTING SURFACE OATA 

PANEL WO 51C.0 2715. C 741.0 2715.0 0.0 65.1 O.C 0.0 

CHORD DIV 0.0 0.2 0.4 0.6 0.8 1.0 
SPAN 01V 0.0 1.0 

PANEL Wl 741.0 2715.0 2065. 0 2749.0 65.1 455.0 O.C 0.0 
CHORD OIV 0.0 0.2 C.4 C.6 0.8 1.9 
SP4N DIV O.C 0.3 0.5 0.65 0.6 0.9 l.C 

PANEL W 2 2065.0 2749.0 2437.0 2874.0 455. C 594.0 0.0 O.G 
CHORD OIV 0.0 C.2 0.4 C.6 0.8 1.0 
SPAN DIV O.C 0.4 0.7 0.9 1.0 

PANEL W 3 ~4E 7.0 2874. C 2834.0 3054.0 594.0 794.0 0.0 0.0 

CHORD DIV .0 C.2 C.4 0.6 0.8 1.0 
SPAN UIV 0.0 0.4 0.7 C.9 1.0 

PANEL TO 296d.C 3400.9 3124.0 3417.0 0.0 65.1 0.0 0.0 

CHORC 01 J 0.0 0.2 0.4 0.6 0. 8 1.0 
SPAN OIV 0.0 1.0 

PANEL T1 3124.0 3417.0 3366.0 3464.0 65.1 228.0 0.0 0.0 

CHORD OIV C.O 0.2 C.4 C.6 0.8 1.0 

SPAN OIV 0.0 C.4 0.65 0.35 1.0 

END GEOMETRY DATA 

BEGIN SUBSET OATA 

SUBSETS OF BOXES 

SUBSET WING l TO 75 

SUBSET TAIL 76 TO ICO 

END SUBSET OATA 

BEGIN MODAL OATA 

USE C 443 WITH LIFTING SURFACE TAIL 

END MODAL DATA 

END OUBLAT DATA 

BEGIN FLUTTER DATA 

CASE 1 

ALTITUDE 0. 1C000. 

DAMPING 0. 0. 0.02 0.02 9.05 
CASE 2 

RSET 112345678 

RSET 2123456789 10 11 12 

RSET 3 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17 18 19 20 

RSET 4345678 

CSET 1 *C NOMINAL CASE 6 

RSET 1234 
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Enimriti 1 ii 





ALT 10000.0 S0300.9 

CSET 2 *t WITH ADDED STIFFNESS IN MOOES 3 ANO 4 C 


STIFF SS 3 3 

TO 4 4 


BY 

1 1 


1.2 







ASET 1 













END FLUTTER 

DATA 












BEGIN NODAL OATA 












•/ 













•/ BODY NODFS 












*/ 













1 

20. 

0. 

0. 


TO 

25 

980. 

G. 

0. 


BY 

2 

27 

1060. 

C. 

0. 

30.0 

TO 

45 

1780. 

0. 

0. 

42.5 

BY 

2 

*♦1 200 

0. 

65. 

0. 

0. 

0 

200 

0. 

65. 



• • 


45 





TO 

55 

2180. 

0. 

0. 

31.0 

BY 

2 

♦ ♦1 200 





0 

200 

0. 

65. 



• * 


55 





TO 

63 

2500. 

0. 

0. 

13.5 

BY 

2 

•♦1 200 





0 

200 

0. 

65. 



** 


65 

2580. 

C. 

0. 


TO 

77 

3060. 

0. 

0. 


BY 

2 

79 

3140. 

C. 

0. 

3.0 








• 

• ♦1‘ 200 

0. 

6 5. 


•* 









81 

3220. 

C. 

0. 

6.5 









♦♦1 200 

0. 

65. 


*« 









83 

3300. 

C. 

0. 

7.0 









• ♦l 200 

0. 

65. 


*• 









85 

3380. 

C. 

0. 

2.0 









•♦1 200 

0 . 

65. 


** 









87 

3460. 

C. 

0 . 










89 

3540. 

V • 

0. 










• / 













•/ WING NUDES 












•/ 













427 

ICbO. 

65. 

0 . 

30.0 

TO 

435 

1380. 

180. 

0 . 

17.5 

BY 

2 

435 





TO 

445 

1760. 

180. 

0 - 

27.5 

BY 

2 

445 





TO 

455 

2180. 

t an. 

3. 

25.0 

BY 

2 

455 





TO 

463 

2500. 

180. 

0 . 

13.0 

3Y 

2 

635 

1380. 

18C. 

0 . 

17.5 

TO 

641 

1620. 

265. 

0. 

10.0 

BY 

2 

641 





TO 

655 

2180. 

265. 

0 . 

22.5 

3 Y 

2 

655 





TO 

663 

2 SCO. 

265. 

0 . 

12.5 

BY 

2 

841 

1620. 

265. 

0 . 

10.0 

TO 

847 

1971. 

380. 

0 . 

9.0 

BY 

2 

847 





TO 

855 

2291. 

330- 

0. 

17.0 

BY 

2 

855 





TO 

86 3 

2611. 

38C. 

0 . 

10.0 

BY 

2 

1047 

1971. 

38C. 

0. 

9.0 

TO 

1051 

2205. 

455. 

0 . 

8.5 

BY 

2 

1051 





TO 

1059 

2525. 

455. 

0 . 

15.0 



1059 





TO 

1063 

2635. 

455. 

0 . 

8.0 



1251 

2205. 

455. 

0 . 

8.5 

TO 

1254 

2409. 

536. 

0 . 

6.5 



1254 





TO 

1259 

2609. 

538. 

c. 

11.0 



1259 





TO 

1263 

2 769. 

533. 

0 . 

5.5 



1454 

2409. 

538. 

0. 

6.5 

TO 

1456 

2545. 

594. 

0 . 

5.0 



1456 





TO 

1459 

26o5. 

594. 

c. 

7.5 



1459 





TO 

1463 

2025. 

594. 

0 . 

3.5 



1656 

2545. 

594. 

0. 

5.0 

TO 

1658 

2710. 

68C. 

0 . 

3.0 



1650 





TO 

loo3 

2910. 

68C. 

0. 

3.0 



1858 

2710. 

630. 

0. 

3.0 

TO 

lBtC 

2875. 

765. 

,1 4 

1.5 



1060 





TO 

1863 

2995. 

765. 

0 . 

2.5 



•/ 













•/ WING TRAILING EDGE NODES 










• / 













3001 

2500. 

65. 

0 . 

13.5 

TO 

3005 

2715. 

65. 

0 . 

1.0 

8Y 

2 

3101 

2500. 

16-0. 

0 . 

13.0 

TO 

3105 

2715. 

180. 

0 . 

1.0 

*» 


3201 

2 500. 

265. 

0 . 

12.5 

TO 

3205 

2715. 

265. 

0 . 

1.0 

** 


3405 

2874. 

594. 

0 . 

1.0 

TO 

3605 

3027.9 

765. 

c. 

1.0 




BY 100 OF 8b. 85. 

•/ 

•/ WING FIN NOCES 

•/ 

A EC WINGFIN 0. 594. 0., 1. 594. 0.. 0. -1. 0. 


2f 56 

2545. 

.1 0. 

3.5 

TO 

2456 

2830. 

100. 

0. 

2.5 

BY 200 

2058 

2625. 

.10. 

3.5 

TO 

2458 

2642. 

100. 

0. 

3.0 

** 

2061 

2745. 

.1 0. 

4.0 

TO 

2461 

2859. 

IOC. 

0. 

3.0 

** 

2063 

2825. 

.1 0. 

4.0 

TO 

2463 

2870. 

100. 

0. 

3.0 

*• 


*/ 


i* 


\ 


j 


211.9 




m I»*4rrl *“'*■*- ' 



•/ HORIZONTAL TAIL NODES 

•/ 

RESUME GLOBAL 


279 

TO 

679 

33&5. 

200. 

0. 

2.0 

BY 

281 

TO 

681 

3388. 

200. 

0. 

2.5 

*# 

283 

TO 

6C3 

3412. 

200. 

0. 

2.5 


285 

TO 

635 

3435. 

200. 

0. 

1.0 

** 


• / 

•/ WEIGHT PANEL MOOTS - 800Y 

*/ 

6001 0. 0. 0. TO 6016 3564. C. 0. 

602 1 0. 65. 0. TO 6CJ6 356-*. 65. 0. 

•/ 

*/ WEIGHT PANEL N0OES - WING 

*/ 


6100 

741.0 

65.0 

0. 

TO 

6220 

2487.0 

5 94.0 

C. 

8Y 

20 

6100 




TO 

6260 

2467.0 

594.0 

0. 

BY 

BO 

6180 




TO 

6240 

7487.0 

594.0 

0. 

BY 

20 

6260 




TO 

6320 

2ef.4.0 

794.0 

0. 

BY 

20 

61 10 

2715.0 

65.0 

0. 

TO 

6170 

2715. 0 

329.5 

c. 

BY 

20 

6189 

2715.0 

329. 5 

0. 

TO 

6249 

2S7-..0 

594.0 

0. 

BY 

20 

6266 

2674.0 

594. C 

0. 

TO 

6326 

3C54.0 

794.0 

0. 

BY 

20 


61 CO TO 6 1LC 

• ♦3 20 0 20 

6180 TO 6189 

•♦3 20 0 20 

6260 TO &26o 

*♦3 20 0 20 

*/ 

•/ WFIGHT PANEL NODES - HORIZONTAL TAIL 

• / 

6400 3124. 06.1 0. TO 6403 3417. 65.1 0. 

6410 3386. 228.0 0. TU 6413 3464. 228.0 0. 

*/ 

•/ WEIGHT PANEL NODES - VERTICAL TAIL 

•/ 

6601 33/4.6 0. 92.8 

6507 3 •» 7 ? . 0 0. 92.8 

6503 3*.68. 7 C. 14^. 8 

6504 3614.6 0. 149.8 

• / 

*/ WEIGHT PANEL NlUfS - « I NG FIN 

•/ 

6601 2487.0 5.94. 0. TO 6603 2880. 0 594. 134. 

6604 2874.059 594. 0. TO 6606 2940.0 594. 134. 

ENO NUOAl DATA 
BEGIN STIFFNESS DATA 
BEGIN PFOPEkTY DATA 

PI .05 1. * ( WING FIN SPARS AND RIBS! 

P2 2. 0. 0. .2 .2 .2 * T W I NG FIN ATTACHMENT BEAMS - TYPE l) 

P3 10. 0. 0. 100. 100. 100. MwING FIN ATT ACHMt NT BEAMS - TYPE 2J 

P4 .15 .50 * ( CCNT RuL SURFACE RIBS) 

P5 0. ‘ = 2 100. 100. 0. 10. ‘(BEAMS AT 455 RI3 TO PICK UP SPARS) 

ENO PROPERTY OATA 
BEGIN ELEMENT DATA 

*/ 

*/ WING FRONT SPAR 

♦ / 


SPAR 

M5 N2003 

227 

429 

.12 

2. 






*2 

N2205 

429 

431 

. 12 

2. 

TO 

N2605 

433 

435 

♦ 







BY 

N200 

2 

2 


• 2 

N2R05 

435 

637 

.12 

2. 






*2 

N3007 

637 

639 

.12 

2. 

TO 

N? 2 0 7 

6 39 

641 

♦ 







BY 

N209 

2 

2 


♦ 2 

N340 1 

64 1 

843 

.12 

2. 






♦ 2 

N36C9 

843 

845 

.12 

2. 

TO 

N 3 8 0 9 

845 

84 7 

♦ 







BY 

N200 

2 

2 


*2 

N4 309 

34 7 

1049 

. 12 

2. 






*2 

N4211 

1049 

1051 


** 
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• 2 

N5511 

1051 

1253 


• t 

• 2 

N5613 

1253 

1255 


»* 

*2 

N5713 

1255 

1555 


#* 

• 2 

N5815 

1555 

1556 


*• 

•2 

N5915 

1556 

1657 


** 

•2 

N5017 

1657 

1658 



•2 

N5117 

1658 

1059 



• 2 

NS219 

1859 

1860 


** 

ING REAR 

SPAR 





SPAR 

MS N5603 

263 

563 

.50 

12. 

•2 

N5605 

563 

663 

• 5C 

12. 

• 2 

N5607 

663 

863 

.35 

12. 

•2 

N5o09 

863 

1063 

.35 

12. 

• 2 

N56 1 1 

1063 

1263 

.30 

8. 

*2 

NSt> 1 3 

1263 

1563 

.30 

8. 

*2 

N5615 

1563 

1663 

.30 

4. 

•2 

NSb 1 7 

1663 

1863 

.30 

4. 


*/ 

*/ MING INTERMEDIATE SPARS 

•/ 


SPAR 

M5 N2203 

229 

529 

.20 

2. 

TO 

N3603 

253 

553 

♦ 







8 Y 

N209 

2 

2 


•2 

N3G03 

255 

555 

.36 

2. 






• 2 

N5803 

255 

555 

.60 

12. 






• 2 

N5003 

257 

557 

.25 

12. 

TO 

N5503 

261 

561 

♦ 







8Y 

N209 

2 

2 


•2 

N3005 

537 

637 

.20 

2. 

TO 

N3605 

553 

653 

+ 







av 

N200 

2 

2 


♦2 

N3e05 . 

555 

655 

.36 

2. 






♦2 

N5005 

557 

65 7 

.20 

5. 

TO 

N5605 

553 

653 

* 







a v 

N200 

2 

2 


*2 

N5805 

555 

655 

.60 

12. 






•2 

N5005 

557. 

657 

.25 

12. 

TO 

N5505 

561 

661 

♦ 







BY 

N20Q 

2 

2 


*2 

N3607 

653 

853 

.20 

2. 

TO 

N3807 

655 

855 

♦ 







BY 

N2C0 

2 

2 


*2 

N5007 

657 

857 

.20 

5. 

TO 

N5607 

653 

853 

♦ 







3Y 

N200 

2 

2 


*2 

N5807 

655 

855 

.20 

a. 






*2 

N500 7 

657 

85 7 

.20 

10 . 

TO 

N5507 

661 

361 

♦ 







av 

N209 

2 

2 


• 2 

N5209 

859 

1059 

.20 

5 . 

TO 

N56 39 

363 

1053 

* 







BY 

N200 

2 

2 


*2 

N5809 

855 

1055 

.2-' 

8. 






•2 

N5009 

35 7 

105 7 

• 2C 

10. 

TO 

N5509 

861 

1361 

♦ 







BY 

N20*' 

2 

2 


• 2 

N5611 

1053 

1253 

.12 

5. 

TO 

'-.8 11 

10j6 

1255 

♦ 







3Y 

•r, 

1 

1 


• 2 

N591 1 

1056 

1256 

.06 

5. 

TO 

l 

1 Uo2 

1262 

♦ 







BY 

N. 3 

1 

1 


♦ 2 

N581 3 

1255 

1555 

.12 

5. 






• 2 

N5913 

1256 

l*»56 

.06 

5. 

TO 

N5a 1 3 

1262 

l**u2 

♦ 







BY 

N100 

1 

1 


*2 

NSC l 5 

1557 

1657 

.06 

2. 

TO 

N5515 

1562 

1662 

♦ 







BY 

N100 

1 

I 


*2 

N5217 

1659 

1 859 

.06 

2. 

TO 

N5517 

1662 

1 36 2 

♦ 







BY 

MOO 

l 

1 



• / 

»/ WING IN-BODY SPARS 

•/ 


SPAR 

M5 N2031 

27 

227 

l.CC 

10. 

TO 

N36GI 

53 

253 







BY 

N?JO 

-» 

4 . 

2 

*2 

N 38 0 l 

55 

255 

1.80 

10. 

TO 

N5601 

53 

253 







BY 

N200 

2 

2 

*2 

N5901 

55 

255 

3.CC 

60. 





*2 

N5001 

57 

257 

1.2C 

60. 

TO 

N5501 

61 

2ol 







BY 

N200 

2 

2 

*2 

N5601 

63 

263 

2.0C 

60. 
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* 



*/ 

«/ MING RIBS 

•/ 


SPAR MS 

NoOOl 

22 7 

229 


.25 

4. 

TO N6035 

261 

263 

+ 








BY N2 

2 

2 


• 2 

N61C9 

435 

437 


.30 

4. 

TO N6135 

461 

463 

♦ 








BY N2 

2 

2 


*2 

N6215 

641 

643 


.20 

3. 

TC N6235 

661 

663 

♦ 








BY N2 

2 

2 


*2 

N6425 

1051 

1053 


.20 

4. 





*2 

N6426 

1053 

1054 


.20 

4. 

TO N6435 

1062 

1363 


*2 

N6629 

1456 

1457 


.12 

2. 

TO N6635 

1462 

1463 


* 2 

N6833 

1860 

1861 


.30 

1.4 

TO N6835 

1862 

1363 


*/ 











*/ WING COVERS 











•/ 











COVER MS 

N7003 

22 9 

429 

227 


.06 





*2 

N7203 

229 

429 

431 

231 

.06 



TO 

♦ 


N8t>03 

243 

443 

445 

245 


8 Y N203 

2 

*=3 


♦ 2 

N8803 

245 

445 

44 7 

2 47 

.12 

.00 


TO 

+ 


N9603 

253 

453 

455 

255 


BY N200 

2 

•=3 


•2 

NS803 

255 

455 

457 

257 

.10 

.14 




*2 

N 1000 3 

257 

457 

459 

259 


** 




•2 

N 10 20 3 

259 

459 

4ol 

261 

.26 

.14 .22 

.00 



*2 

N 1040 3 

2ol 

461 

46 3 

263 


*# 




*2 

N780S 

437 

637 

435 


.06 





*2 

N8P05 

437 

637 

639 

439 

.06 



TO 

♦ 


N9605 

453 

653 

655 

455 


JY N290 

2 

*=3 


♦ 2 

N5805 

455 

655 

65 7 

457 

.10 

. 14 




•2 

NICOOS 

457 

657 

659 

459 


*• 




*2 

N 10 20 5 

459 

659 

661 

461 

.26 

.14 .22 

.00 



•2 

N 1040 5 

461 

66 . 

663 

463 


• • 


• 


*2 

N6407 

64 3 

843 

641 


.06 



* 


*2 

N86C7 

643 

3**3 

945 

645 

.06 



TO 

♦ 


N9c0 7 

653 

353 

855 

655 


BY N200 

2 

*=3 


♦2 

NSdO 7 

035 

655 

05 7 

657 

.10 

.06 




*2 

NIC J J 7 

657 

357 

859 

659 


*♦ 




*2 

V 102i/ 7 

0 S9 

859 

8ot 

06 1 

.30 

.14 .20 

.00 



*2 

N l n 40 7 

661 

"61 

86 3 

663 


#♦ 




*2 

NSC 09 

349 

1 04 9 

84 7 


.06 





♦ 2 

NS 209 

84 S 

104 9 

1051 

851 

.06 



TO 

♦ 


N 9 6 0 9 

83 3 

1053 

1 053 

855 


BY N200 

2 

*- 3 


*2 

N s s 0 9 

8 9 5 

1055 

1 05 7 

857 

. to 

.08 




♦2 

NIOC 09 

857 

1057 

1 059 

859 


»* 




*2 

N102C 9 

859 

1059 

106 1 

eci 

.30 

.14 .20 

.00 



*2 

N 10409 

86 1 

1 3c’ 

1 C r> 3 

£63 


*« 




*2 

N941 1 

1053 

12 53 

1 051 


.30 

.14 .22 

.12 



*2 

NSol l 

10 $ 

1253 

1254 

1054 

.30 

.14 .22 

.12 

TO 

♦ 


N 10 5 11 

1C -2 

1262 

1263 

1063 


8Y N100 

1 

*= 3 


*2 

N9713 

1 2 j 5 

1455 

1254 


. 30 

.14 .22 

.12 



*2 

N9« 1 3 

1255 

1455 

1 45o 

1255 

.30 

.14 .22 

-12 

TO 

♦ 


N10S1 3 

1262 

1462 

1 4o3 

1263 


BY N100 

1 

*=3 


*2 

N9915 

1457 

1657 

1456 


.08 





*2 

N 100 1 S 

1437 

1657 

lo53 

1458 

.08 



TO 

♦ 


N 10 5 i 5 

1462 

16 62 

1 6o3 

1463 


BY N100 

1 

♦ = 3 


*2 

N 10 l l 7 

1659 

1 S59 

1658 


.08 





*2 

N 10 21 7 

1659 

1859 

1860 

1 6 b C 

.09 



TO 

* 


N10S1 7 

1662 

1862 

1 963 

1663 


3 Y N100 

1 

*=3 


•/ 











*/ WING IN-800Y 

COVERS 










*/ 











COVER M 5 

N 700 1 

27 

227 

229 

29 

.30 



TO 

♦* 


N8601 

43 

243 

245 

45 


BY N200 

2 

*=3 


♦ 2 

N8801 

45 

245 

247 

47 

.60 



TO 

♦ 


N 9 6 0 l 

53 

253 

255 

55 


3Y N200 

2 

*-3 


*2 

N9801 

3 5 

2 55 

j 7 

57 

.70 





*2 

N 1000 1 

57 

2 57 

259 

59 

.70 





*2 

N 1020 1 

59 

259 

261 

61 

1.30 

.70 1.10 

.00 



*2 

N 10 40 1 

61 

261 

263 

63 


#♦ 





*/ 


211 


12 



•/ WING FIN SPAFS 

•/ 



SPAR 

M5 

N l IOC 1 

2056 

22 56 


PI 


♦2 


N 1 100 3 

2256 

2456 


• 


*2 


N 1 1 20 l 

2058 

2258 


* 


*2 


N 1120 3 

2258 

2458 


• 


*2 


N11501 

2061 

2261 


* 


*2 


N 1 150 3 

2261 

2461 


♦ 


• 2 


N 1 1 70 1 

2063 

2263 


♦ 


*2 


N 1 170 3 

2263 

2463 


* 

•/ 








•/ 

WING FIN 

RIBS 






•/ 

SPAR 

M5 

N 1200 1 

2256 

2258 


PI 


*2 


N 1200 3 

2258 

2261 


• 


• 2 


N120C5 

2261 

2263 


* 


*2 


N12201 

2456 

2458 


• 


*2 


N 1220 3 

2458 

2461 


• 


♦ 2 


N 1220 5 

2461 

2463 


* 

•/ 








*/ 

WING FIN 

COVERS 





•/ 

COVER 

M5 

N 1 300 1 

2056 

2256 

2258 

2058 


*2 


N 1300 3 

2053 

2258 

2261 

2C61 


• 2 


N 1 3005 

20o t 

2261 

2263 

20c 3 


*2 


N 13 20 1 

2254 

2456 

2458 

2258 


*2 


N1 32 J 3 

225C 

2458 

2461 

2 2c l 


*2 


N13235 

2261 

2461 

2463 

2263 

•/ 








*/ 

WING FIN 

ATTACHMENT BEAMS 




*/ 

BEAM 

/ 5 

N2000 l 

1456 

2056 

1463 

P2 


*2 


N20003 

1453 

2058 

1463 

* 


*2 


N2C035 

1461 

2061 

1463 

* 


*2 


N2C0 37 

1463 

2063 

1461 

t 


*2 


N2100 1 

1456 

1458 


P3 


*2 


N21003 

1450 

1461 


0 


• 2 


N 2 1 00 5 

1461 

1463 


0 

♦A 








♦/ 

WING TRAIL INC 

EOGE CON 

TROL SURFACE RIBS 

*/ 

SPAR 

M5 

N 10 l 

263 

3003 


p<* 


♦ ♦2 0 

0 

2 

200 

100 


0 


♦ 2 


N102 

30C3 

3005 


* 


• ♦2 0 

0 

2 

100 

100 


0 


*2 


N108 

1463 

3405 


♦ 


• ♦2 0 

0 

1 

200 

100 


• 

*/ 








*/ 

WING TRAILING 

EOGE CONTROL SURFACE COVEFS 

•/ 

COVER 

M5 

N 151 

263 

463 

3103 

3CC3 


*2 


N 1 5 3 

463 

6e3 

3203 

31C3 


♦ 2 


N 152 

3003 

3103 

3105 

30C 5 


• 2 


N1 ,4 

31C3 

3203 

3205 

3 1C5 


*2 


N 156 

1463 

1663 

3505 

34C5 


*♦1 0 

0 

1 

200 

200 

100 

100 

*/ 








4/ 

HORIZONTAL TAIL SPARS 





4/ 

SPAR 

MS 

N 1< 00 3 

2 79 

479 


.10 


• 2 


N 1400 5 

479 

679 




*2 


Nl-«103 

281 

481 


.05 


*2 


N 14 10 5 

481 

681 




• 2 


N 1420 3 

283 

483 


.05 


• 2 


N14205 

483 

683 




♦ 2 


N 14 30 3 

285 

485 


.20 


♦ 2 


N 14 30 5 

485 

685 




• / 


211.13 


*/ HORIZONTAL tail ribs 

•/ 


SPAR M5 NIAAOl 

279 

281 


.15 

2.0 

TO 

N1AA0S 283 285 







BY 

N2 

2 2 

•2 N14501 

A79 

681 


.10 

1.2 

TO 

N16505 683 685 

•2 NIA601 

679 

681 


.10 

1.2 

TO 

N1A605 683 685 







BY 

N2 

2 2 

*/ 









*/ HORIZONTAL TAIL IN— BODY 

SPAR S 







•/ 









SPAR M5 NlAOOl 

79 

279 


. 5C 

6.0 




*2 N1A101 

31 

281 


.25 

9.0 




*2 N1A201 

83 

2 83 


.25 

8.0 




• 2 N1A3C1 

85 

285 


1.00 

13.0 




•/ 

•/ HORIZONTAL TAIL COVERS 

*/ 









COVER M5 N 1500 3 

279 

A79 

A81 

281 

.16 




*♦2 0 0 20C 

2 

• = 3 



0 . 



b 

COVER MS N I SOO 5 

A 79 

679 

681 

A01 

.07 



♦ ♦•2 0 C 200 

2 

♦ = 3 



0 . 




♦/ 









*/ HORIZONTAL TAIL I N- BODY 

COVERS 







*/ 









COVER M5 N 1500 1 

79 

279 

281 

81 

.80 



TO 

N15A01 

83 

283 

285 

85 


BY 

N200 2 

*=3 

•/ 

*/ BODY BEAMS 

•/ 









BEAM M5 N 100 1 

1 

3 

5. 

0 . 

* = 3 

160C0. 10. 0. 

*= 3 3COCO 

*♦30 00 2 

2 

2 

5. 


♦ A 

1ACD0. 5. 

♦A 1A000 

*2 N 106 3 

63 

65 

160. 


♦ A 

A5000C. IA3. 

•A A16000 

*♦12 00 2 

2 

2 

-12. 


*A 

-3AOOO. -12. 

♦A -3AOOO 

*/ 









*/ BEAMS AT ASS RIB TO PICK UP 

DISCONTINUED SPARS 




*/ 









BEAM M5 N 300 0 2 

1053 

105A 


P 5 





* ♦ A 0 0 2 

2 

l 


* 





BEAM M5 N 300 1 l 

1063 

1062 







♦ ♦A 0 0 -2 

END ELEMENT CATA 

-2 

-2 


♦ 





END STIFFNESS CATA 
BEGIN MASS DATA 
BEGIN CONCIT ICN DATA 










STAGfc 1 CUNOJTILN l 
END CONOI T ION LATA 
BEGIN MASS ELEMENT DATA 


PLATE F2 

e-i 

600 1 

6002 

602? 


3A95. 

PLATE 

B-2 

6002 

6C03 

602 3 

6022 

S9S5. 

PLAT E 

B-3 

600 3 

60OA 

602 A 

6023 

2589. 

PLATE 

B-A 

600 A 

6005 

602 5 

O02A 

3 AAO • 

PLATE 

8-5 

6005 

6C0t> 

6026 

6025 

5A20 . 

PLATE 

B-6 

6006 

6C07 

602 7 

6026 

3280. 

PLATE 

B-7 

600 7 

60C8 

6028 

60 2 7 

330o. 

PLATE 

B-8 

6008 

6C09 

6029 

6026 

A3A6. 

PLATE 

B-9 

6009 

6010 

6030 

6029 

A50 7. 

PI ATE 

B- 10 

6010 

6011 

6031 

6030 

A A 86 • 

PLATE 

B-ll 

601 1 

6C12 

6032 

60 31 

3619. 

PLATE 

B- 12 

6012 

6013 

6033 

6032 

A 730. 

PLA'E 

B-13 

6013 

60 1 A 

603 A 

6C33 

3982. 

PLATE 

B-IA 

601 A 

6015 

6035 

603A 

9A7. 

PLATE 

B-15 

601 5 

6C16 

6036 

6035 

1788. 

PLATE 

VT-1 

6501 

6502 

o 50 A 

65^3 

600. 

PLATE 

W-l 

6100 

6101 

6121 

01 zc 

768. 

PLATE 

W-2 

6 10 1 

6102 

6122 

6121 

1151. 

PLATE 

W-3 

6 10 2 

6103 

6123 

6122 

1667. 

PLATE 

W-A 

6103 

6 10A 

6 I 2 A 

6123 

i 11 2 . 

PLATE 

W-5 

610A 

6105 

612 5 

6 1 2 A 

1190. 

PLATE 

H-6 

6105 

6106 

6126 

6125 

1659. 

PLATE 

H-7 

6 1C 6 

610 7 

6127 

6126 

i938. 


211. U 



PLATE 

W -8 

61C 7 

6106 

6128 

6127 

2467. 

PLATE 

W-9 

6138 

6109 

6129 

6128 

1335. 

PLATE 

W- 10 

61C9 

6110 

ol 30 

6129 

339. 

PLATE 

W-il 

6120 

6121 

6141 

614C 

795. 

PLATE 

W- 12 

612 1 

6122 

6142 

6141 

1415. 

PLATE 

W- 13 

6122 

6123 

6143 

6142 

813. 

PLATE 

W-14 

6123 

6124 

6144 

6143 

1259. 

PLATE 

In- lb 

6124 

6125 

6145 

6144 

1249. 

PLATE 

W- 16 

6125 

6126 

6146 

6145 

1720. 

PLATE 

W- 17 

6126 

6127 

6147 

6146 

1494. 

PLATE 

w-ia 

6127 

6128 

6148 

6147 

1688. 

PLATE 

VI- 19 

6128 

6129 

6149 

6148 

498. 

PLATE 

W -20 

6129 

6130 

6150 

61*9 

126. 

PLATE 

W-21 

6140 

6141 

6161 

6160 

508. 

PLATE 

W- 22 

6141 

6142 

6162 

6161 

12 79. 

PLATE 

W-23 

6142 

6143 

6163 

6162 

536. 

PLATE 

W- 24 

6143 

6144 

6164 

6163 

532. 

PLATE 

W-25 

6144 

6145 

6165 

6164 

559. 

PLATE 

W-26 

6145 

6146 

6166 

61 o5 

1055. 

PLATE 

H-2 7 

6146 

6147 

6167 

6 1 06 

1405. 

PLATE 

rf-28 

6147 

6148 

6168 

6167 

1953. 

PLATE 

W— 29 

6148 

6149 

6169 

6168 

2 74. 

PLATE 

W-3C 

6149 

6150 

6170 

6169 

172. 

PLATE 

W-31 

6180 

6181 

6201 

6200 

614. 

PLATE 

W-32 

6181 

6182 

6202 

6201 

1286. 

PLATE 

W-33 

6162 

6183 

6203 

6202 

562 . 

PLATE 

W— 34 

6183 

6184 

6204 

6203 

786. 

PLATE 

W-35 

6184 

6185 

6205 

6204 

1386. 

PLATE 

W-36 

6185 

6186 

6206 

6205 

1649. 

PLATE 

H-37 

6186 

6187 

o2<57 

6206 

1649. 

PLATE 

W- 38 

618 7 

6188 

6208 

6207 

421. 

PLATE 

W-39 

6188 

6189 

6209 

6208 

255. 

PLATE 

W-40 

6200 

6201 

6221 

6220 

207. 

PLATE 

W-41 

6201 

6202 

6222 

6221 

497. 

PLATE 

W-42 

6202 

6203 

6223 

6222 

692. 

PLATE 

W-4 3 

620 3 

62 C 4 

6224 

6223 

765. 

PLATE 

W-44 

6204 

6205 

6225 

6224 

816. 

PLATE 

H-4S 

620 5 

6206 

6226 

6225 

843. 

PLATE 

W— 46 

6206 

6207 

622 7 

6226 

687. 

PLATE 

W-47 

6207 

6208 

6228 

6227 

136. 

PLATE 

K-48 

6208 

6209 

6229 

6228 

94. 

PLATE 

W- 49 

6220 

6221 

6241 

6240 

136. 

PLATE 

W-50 

6221 

6222 

6242 

6241 

522. 

PLATE 

H-bl 

6222 

6223 

6243 

6242 

516. 

PLATE 

W- 52 

6223 

6224 

6244 

6243 

536. 

PLATE 

W-53 

6224 

6225 

6245 

6244 

555. 

PLATE 

N -54 

6225 

6226 

6246 

6245 

580. 

PLATE 

W-55 

6226 

622 7 

6247 

624o 

704. 

PLATE 

W-56 

6227 

6228 

6248 

6247 

119. 

PLATE 

W-5 7 

6228 

6229 

6249 

624 3 

91. 

PLAT* 

W- 58 

6260 

6261 

6281 

6280 

289. 

PLATE 

W- 59 

626 1 

6262 

6282 

6281 

3C6. 

PLATE 

W -60 

6262 

6263 

6283 

6282 

244. 

PLATE 

W -61 

6263 

6264 

6284 

62 S3 

50 7. 

PLATE 

W-62 

6264 

6265 

6205 

6234 

116. 

PLATE 

K-63 

626 5 

6266 

6206 

62 85 

76. 

PLATE 

W-64 

6280 

6281 

6301 

630C 

216. 

plate 

W-65 

628 1 

6282 

6302 

6301 

144. 

PLATE 

W -66 

6282 

6233 

6303 

6302 

245. 

PLATE 

W -6 7 

6283 

6284 

6304 

6303 

365. 

PLATE 

W — 6 6 

6284 

6285 

6 305 

63C4 

86 . 

PLATE 

W-69 

6285 

62e6 

6306 

6305 

71. 

PLATE 

W-7C 

6300 

6301 

6321 

6320 

184. 

PLATE 

W-7 1 

6 301 

6302 

6322 

6321 

160 . 

PLATE 

W-72 

6302 

6303 

6323 

6322 

126. 

PLATE 

W- 73 

6303 

6304 

6324 

6323 

273. 

PLATE 

K-74 

6304 

6305 

6325 

6324 

66 . 

PLATE 

W- 7 5 

6305 

6 306 

6326 

6325 

66 . 

PLATE 

HT-l 

6400 

6401 

6411 

6410 

283. 

PLATE 

HT-2 

6401 

6402 

6412 

6411 

212 . 
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PLATE 


HT- 3 

6402 

6403 

6413 

6412 

522. 

PLATE 


HE- 1 

6601 

6602 

6605 

6604 

500. 

PLATE 


HF-2 

6602 

6603 

6606 

6605 

400. 

PLATES REPRESENTING 

FUEL 





PLATE 

F2 

F-l 

6102 

6103 

6123 

6122 

129.6 

PLATE 


F-2 

6103 

6104 

6124 

6123 

8637.2 

PLATE 


F-3 

6104 

6105 

6125 

6124 

12852.9 

PLATE 


F-4 

6106 

6107 

6127 

6126 

5531.1 

PLATE 


F-5 

6107 

6108 

6128 

6127 

6919.3 

PLATE 


F-6 

6108 

6109 

6129 

6126 

107.1 

PLATE 


F-7 

6124 

6125 

6145 

6144 

442.8 

PLATE 


F-8 

6125 

6126 

6146 

6145 

5450.7 

PLATE 


F-9 

6126 

6127 

6147 

6146 

6537.6 

PLATE 


F-10 

6128 

6129 

6149 

6148 

2604.5 

PLATE 


F- 11 

6129 

6130 

6150 

6149 

4011.2 

PLATE 


F-l 2 

6140 

6141 

6161 

6loO 

5762.0 

PLATE 


F-13 

6144 

6145 

6165 

6164 

1128.9 

PLATE 


F-14 

6145 

6146 

6166 

6165 

2470.2 

PLATE 


F- 15 

6147 

6148 

6168 

6167 

1825.8 

PLATE 


F- 16 

6148 

6149 

6169 

6168 

4994.1 

PLATE 


F- 17 

6149 

6150 

6170 

6169 

2341.4 

PLATE 


F-l 8 

6180 

61-81 

6201 

6200 

3598.6 

PLATE 


F-19 

6184 

6185 

6205 

6204 

268.5 

PLATE 


F-20 

6185 

6186 

6206 

6205 

1691.6 

PLATE 


F-2 1 

6186 

6187 

6207 

6206 

3248.9 

PLATE 


F -22 

6187 

6188 

6208 

62 07 

2531.0 

PLATE 


F-2 3 

6188 

6189 

6209 

62 38 

4235.0 

PLATE 


F-24 

6200 

6201 

6221 

6220 

775.4 

PLATE 


F— 25 

6204 

6205 

6225 

6224 

457.0 

PLATE 


F-26 

6205 

6206 

6226 

6225 

1190.8 

PLATE 


F-2 7 

6206 

6207 

6227 

6226 

1393.2 

PLATE 


F-28 

620 7 

6208 

6228 

6227 

1501.2 

PLATE 


F-29 

6208 

6209 

622 

6228 

1555.2 

PLATE 


F-30 

6220 

6221 

6241 

6240 

140.4 

PLATE 


F-31 

622 4 

6225 

6245 

0244 

54.0 

PLATE 


F- 32 

6225 

6??t> 

6246 

62-*5 

442.3 

PLATE 


F-33 

6226 

6227 

624 7 

6246 

658.8 

PLATE 


F-34 

6227 

6226 

62 4 C 

62 -* 7 

646.0 

PLATE 


F-35 

6228 

6224 

6249 

62 43 

583.2 

PLATES PEPRE 

JT ING 

PAYLOAD 




PLATE 

E 2 

r -1 

6002 

600 1 

602 3 

6C22 

680. 

PLATE 


P-2 

6303 

60C4 

6024 

60 23 

2295. 

PLATE 


P-3 

6304 

60 C 5 

6325 

67 24 

3585. 

PLATE 


P-4 

60C 5 

60C 6 

6026 

6 j25 

2200. 

PLATE 


P-5 

600 6 

630 1 

632 7 

&026 

3390. 

PLATE 


P-6 

630 7 

6 COfl 

o028 

6027 

3475. 

PL ATF 


P-7 

6308 

6CC9 

6029 

6C28 

2965. 

PLATE 


0 -8 

6009 

601C 

6030 

6029 

2C40 . 

PLATE 


P-9 

6010 

6CI 1 

603 1 

60 30 

2125. 

PLATE 


P- 10 

oOl 1 

6012 

6032 

6031 

2125. 

PLATE 


P-il 

6012 

6013 

6033 

6032 

1190. 


END MASS ELEMENT DATA 
BEGIN FACTOR DATA 

EXCLUDE STIFFNESS ELEMENTS 
ENO FACTOR DATA 
END MASS DATA 
BEGIN SUBSET DEFINITION 
SUBSETS OF NODAL SET 1 
*/ 

•/ SUBSETS FOR PLOTS 

*/ 

N1 - l IC 3605 / NODES FOR STIFFNESS MODEL 

N2 = 6001 TO 6606 / NODES FOR MASS MODEL 

*/ 

SUBSETS FOR AERODYNAMICS 

*/ 


ORIGINAL PAGE Q 
OF POOR QUALfVT 


N5I =17 13 19 27 AS 55 63 67 75 79 83 85 89 

N4Z = 227 237 2A5 235 263 A35 A A l AA5 A51 A55 A63 6AI 6A9 655 659 663 ♦ 

8A7 851 855 859 e63 1051 IC55 1059 1063 125A 1259 1263 IA59 ♦ 

IA63 lo58 1661 1663 1859 i860 1861 1363 
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N43 - 279 283 285 479 483 485 679 083 685 

N53 ■ 83 283 483 683 

N44 * 2058 2C6 1 22ol 2458 2461 

N45 * 263 3003 3C T .5 463 3103 3105 663 3203 3205 
N55 > 263 463 663 

N46 * 1463 3405 1663 3505 1863 3605 
N56 * 1463 1663 1863 
N57 » 285 405 685 
N67 * 485 

N81 ■ 3C03 3103 3233 
N62 * 3CC5 3105 3205 
N8 3 * 3405 3505 3605 
N91 x 641 649 663 


N99 

X 

N42 

U N43 


N63 

X 

663 

863 1063 1263 

1463 1863 

N64 

= 

655 

855 1055 


N65 

X 

435 

641 847 1051 

1254 1456 1658 1859 

N66 

X 

659 

659 1059 1259 

1459 

N61 

X 

63 263 463 663 


N68 

- 

55 

255 455 655 


N69 

= 

245 

445 


N70 

= 

227 

435 


N62 

= 

N6 3 

U N64 U N65 U 

N66 U N61 U NGS U N69 


SUBSCI S OF SI IFF. NESS SET 1 


*/ 

*/ SUBSETS FOR PLOTS 

• / 

El * ALL 

SUBSETS OF MASS SET l 

*/ 

*/ SUBSETS FUR PLOTS 

*/ 

E2 = ALL 

END SUBSET DEFINITION 
BEGIN BC DATA 

STAGE l * ( FOR V IpkATION/FLUTTER ANALVSISI 

ORDER RETAIN BY INTERNAL ID 
SUPPORT ASYM IN SURFACE 2 
SUPPORT TX FOP 89 

RETAIN T2 FOR 1 7 13 19 27 45 55 63 67 73 79 65 89 

RETAIN T l FOR 227 237 245 255 435 441 445 451 455 
RETAIN T 2 FOP 641 645 649 655 659 347 851 855 359 863 1051 1055 1059 1063 
RETAIN T7 FfJH 1254 1259 1456 1459 lo56 1661 1059 I860 1661 
RETAIN 71 FOR 3003 3C05 3103 3105 3203 3205 
RETAIN 71 FOP 3306 3405 3505 36C5 
RETAIN T 2 FOR 279 479 679 

RETAIN TY FOR 2058 2061 2250 2261 2458 2461 
RETAIN 71 PX RY FOR 263 463 663 1263 1463 1663 1863 285 485 685 83 * 

283 483 683 

END 0C DATA 
END PROBLEM DATA 
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INTERPOLATED 


\ 

FLUTTER SPEEDS 
v-g, V-f PLOTS 

Figure 211-3. First Flutter Analys is, Machs0.8 Using 
Aerodynamic Influence Coefficients 
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GENERALIZED MASS 
AND STIFFNESS 





VIBRATION MODES 



INTERPO 

COEFFK 

LATION 
51 ENTS 




D'lBLAT 

GENERALIZED 

AIRFORCES 


INTERPOLATED 


FLUTTER SPEEDS 
V-g, V-f PLOTS 


Figure 21 1 ->A. Second Flitter Analysis, Mach*0.8 
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Figure 211-5. Third Flutter Analysis, Mach = |.526 
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flLtCITT IKMTI TA*I AT ALT • 0.00 


Figure 211-7. V-g Plot, First Flutter Analysis Including 
Residual Flexibility Effects 
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Figure 211-8* V-f Plot, First Flutter Analys is Including 
Flexibi 1 ity Effects 
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Figure 211-9- 


V-g Plot, First Flutter Analysis Without 
Residual Flexibility Effects 
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Figure 211 


10. V-f Plot, First Flutter Analysis Without 
Residual Flexi bi l ity Effects 
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Figure 211-11. V-g Plot, Second Flutter Analysis 
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212. FLUTTER ANALYSIS OF A T-TAIL AIRCRAFT 

(DECK 14) 






c 


i. 


V- 


? 


212.1 DESCRIPTION OF ANALYSIS 


This problem demonstrates the subsonic flutter analysis of 
the empennage of a T-tail aircraft, the YC-14. The structural 
model, shown in figure 212-1, is comprised of BEAM and ROD 
elements. All mass is defined <*s concentrated masses and a 
nondiagonal mass matrix is produced directly by the Mass 
Processor. The X-Y plane is defined as a plane of anti-symmetry 
and the empennaqe is cantilevered from the forward end. The 
model is described in more detail in reference 212-1. 

Doublet Lattice aerodynamics, modified to match 
experimentally obtained steady state aerodynamic derivatives, are 
used. The aerodynamic modelling is shown in figure 212-2. 

212.2 RESULTS 


The five lowest natural frequencies obtained in this problem 
are compared with experimental values from reference 212-1 in 
table 212-1. Flutter analysis results are presented in the form 
of V-g and V-f graphs in fi jures 212-3 and 212-4. The 
experimental flutter speed is 123 knots. 
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212.3 


LISTING OF CONTROL PROGRAM AND DATA 


B t (' 1 m CuNTROi PROGRAM DEM0I4 

PKiJfiL e M lUUEMUl* - FLUTICR OF SUBSONIC T-TAIL AIRPLANE I 

PURPOSE T HE PRINCIPAL CAPA‘1 IL I T I ES DEMONSTRATED By THIS 

DECK ARE 

1. UUHLAT AFRDDYNAMI CS 

2. AH At RUDYNAM I C S 

3. F LUI I E R ANALYSIS 

4. V-G AND V-F PLOTS 

AUTHuA J. HOGLEY ( MODEL BY YC-14 STAFF I 

CORE 2C0K ( OCTAL ) 

READ INPUT 
PRINT INPUT ( NODAL t 
PRINT INPUT I STIFFNESS ) 
print input (mass) 

PRINT INPUT ( EC * NODEOR OER = INTERNAL I 

EXECUTE EXTRACT IE ANAM£ = eMP,L SUB *KGR ID. NSUB*N4, ESU6=E4) 

EXECUTE GRAPtiICStGNAM£=GEQM, OFF L1NE=GER6£R, 

X T YPE =ORT H, S I 2E *120,20) , RZ *12 5 ,k Y=25 , RX=0, 

X EXNAM£*EMP) 

EXECUTE MASS ( DPT ION- 31 
PERFORM K-RIDUCF 

PRINT OUTPUT (.'ASS. SUMMARY , HDC=MDC**** ) 

EXECUTE VIBRATION I S T IF = KRE D, M4SS=MDC001 A , NFRFQS=15, NMODESHO. 
X S'JuSET S=NOO 1 TO NUOj) 

PRINT OUTPUT ( V l GF A T I ON ) 

EXFCUTE INTERPOL AT IUN ( N003 = I MOT I ON AX I S, C0003 i. DOF * 001110. 
X OEFNPTS = ( 1301,169 I, ANGLES = ( 0..0. I) 
cXlCUTE INTERPOLATION I NO 02 = ( MO T 1 ONAX I S . C0002 ). DJF = 010101. 
X OEFNPTS = ( 74,112,118,121 J.ANGL'.S * ( -25 . ,-25 . , -25 , , -25. I » 

EXECUTt INTERPOLATION C N001 = I MOT I ONAX I S .C0001 1 , OOF « 010101. 
X OEFNPTS = ( 59,77 I, ANGLES = ( 90. ,90. ) ) 

PRINT INPUT (DUuLATI 

SXECUTE DUBL AT ( MACH=0.0, K VALUE* ( . 4 , . 05 . . 0 1 , . 0051 , 

XY = ANT I SYMM , Z = NUN’S Y MM, (JJAS I=D1 1 

Print output uu-jlat, level =(1,2,3,4,51) 

EXtCUTc ADD 1 NT ( I U = GAF cM , I NT , DUBL AT ,MACH=0.0, GET*200 ) 

PRINT INPUT (FLUTTER ) 

EXECUTE FLUTTER ( GAF I D=GA F CM, DE NS I T Y= .0023 7692 , ST ILL) 

print input ( ah i 

EXECUTE A F 1 (RVAL* (.4, .05, .01, .005), Y = ANT I ) 

PRINT UUTPUT ( AF 1 , LE VEL* (1,2,3.4.5,6.711 
EXECUTE ADDINT ( 1 G = GA FAF , AF1, IGAIN = 20) 

EXECUTE flutter ( GAF I D=G6 FAF , EVAL=(1 TU 61 8Y 7), STILL, CONO*2I 
PRINT OUTPUTtFLUTTEP ) 

EXECUTE Extract (EXNAME=FLDCM18,LSUB=VGVF,CASE=1) 

EXECUTE GRAPHICS! GNAME-FL UT,IYPE=GRAPH,SIZE=(15,l51,X=V,Yl=G t 
X Y2-F.XMI N = 0.,XMAX=‘250.,Y2MIN«0.,Y2MAX = 50., 

X VIMIN— .2, Y1MAX-. 1, EXNAME «FlDEM18) 

END CONTROL PKUGFAM 
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CfGJ-N MATERIAL DATA / 

h5l 0.0 / 

70 19.4E6 .30 4.0E6 0.0 / 

*7 BODY AND FIN SPAM MATERIAL PROPERTIES / 

MAO 0.0 7 

70 5.2E6 .3 2.0E6 0.0 7 .5 STIFFNESS FCR BODY -FIN 

*7 STA0ILI26R SPAR STIFFNESS / 

M70 0.0 7 

70 10.4E6 .3 4.0E6 0.0 / 

ENO MATERIAL DATA 7 
BEGIN NODAL DATA / 

*7 M 10 30 OY SPAR NODE S 7 

REC BHOVSM 49.0 0.0 12.112 100. 0.0 12.112 49.0 0.0 20. 7 

SO 0.0 0.0 0.0 7 

501 0.0 I.C 0.0 7 ROOT NODE PITCH 


502 1.0 0.0 0.9 7 ROUT NODE POLL 


503 

0.0 0. 

,0 1 

.0 7 

ROOT NODE YAK 

51 

2.24 

o.c 

0.0 

7 

52 

4.48 

0.0 

0.0 

7 

53 

6.72 

0.0 

0.0 

/ 

54 

8.96 

0.0 

0.0 

/ 

55 

9.BC 

0.0 

0.0 

/ 

56 

11. 2C 

0.0 

0.0 

7 

57 

12.88 

0.0 

0.0 

7 

58 

14.56 

0.0 

c.o 

7 

801 

0.0 3 

I.C 

-1.0 

7 

811 

11.20 0 

I.C 

-I.C 

/ 

*/ AFT BUOY 

SPAR 

NODES 7 

tec 

BOOYSA 

49. 

26225 

0.0 9.360988 

59 

16.77 

0.0 

C.O 

7 

60 

19.98 

0.0 

0.0 

7 

61 

21.189 

c.o 

c.o 

7 

62 

2.T.399 

0.0 

c.o 

7 

63 

25.409 

0.0 

c.o 

7 

64 

27.427 

0.0 

0.0 

7 

65 

29.444 

0.0 

0.0 

7 

66 

31.454 

0.0 

0.0 

7 

67 

33.236 

c.o 

c.o 

7 

68 

35.010 

c.o 

c.o 

7 

69 

36.808 

0.0 

c.c 

7 

70 

38.583 

0.0 

C.o 

7 

71 

40.40 

c.o 

c.o 

7 

72 

42.25 

0.0 

0.0 

7 


73 

40.40 

0.0 1.36 


7 BASE 

74 

41.40 

C.O 1.36 


7 

75 

42.25 

C.O 1.36 


7 

77 

45.50 

0.0 O.C 7 



771 

45.50 

-3.5 O.C 

7 


772 

45.50 

3.5 O.C 

7 


78 

V8.55 

C.O -0.6 

7 


821 

23.359 

0.0 -I.C 7 



831 

31.454 

0.0 -I.C 7 



841 

38.563 

0." -I.C 7 



*7 FIN SPAR 

NOD..S 7 



RFC 

F1NSPL 

91.33 O.C 21. 

905 97. 

76 

-.60 

0.0 0.0 

7 


101 

0.0 

0.0 0.0 / 



102 

1.087 

O.C 0.0 7 



193 

1.782 

C.O. C.O 7 



104 

2.863 

0.0 0.0 7 



105 

3.740 

0.0 0.0 7 



ICO 

5.18 

0.0 0.9 7 



107 

6.45 

O.C 0.0 7 



108 

7.497 

O.C c.o 7 



109 

8.27 

0.0 c.o 7 



119 

9.14 

C.O C.O ' 



111 

10.587 

C.C 0.0 7 



112 

11.54 

O.C C.O 7 



113 

12.9C4 

C.O C.O 7 



114 

13.676 

0.0 C.O 7 



115 

14.552 C.O O.C 

7 



63.56 0.0 12.112 49. 0. 12.112 7 


OF FIN SPAR MOUNT 


48 0. 0 35.094 85. 0.0 35. 7 

tc 
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REC 

fiNSPU 

87.08C69 

116 

15.024 

0.0 

c.o 

117 

16.574 

0.0 

c.o 

110 

17.331 

c.o 

c.o 

119 

10.152 

0.0 

0.0 

120 

19.004 

0.0 

0.0 

121 

19. .75 

c.o 

0.1 

122 

17.454 

0.0 

1. 

1221 17.40 0 

1.0 

123 

19.475 

1.0 

0 

124 

19.475 

-1.0 

0 


24.15718 97.4798 0. 35.0936 85. 0. 35. 


1.34 / LOWER PIVOT FCR STABILIZER LEAD SCREW 


123 19.475 1.0 O.C / 

124 19.475 -1.0 O.C / 

•/ STABILIZER PIVOT MECHANISM 
RESUME GLOBAL / 


STAB PITCH MECH ATT. TO PIN SPAR. 


125 

101.858 1.0 43. 

082 / 




126 

101. R58 -1.0 43. 

C82 / 




127 

101.658 .675 40. 

082 / 




128 

101.858 -.675 40. 

082 / 




129 

100.758 .675 4C. 

082 / 




130 

100.758 -.675 40. 

002 / 




137 

100.758 0.0 40. 

C82 / 




131 

101.108 O.C 40. 

082 / 


STABILIZER ROLL-YAW-PITCH MECHANISM 

132 

100.358 0.0 40. 

082 / 




133 

99.103 0.0 4C. 

082 / 




134 

98.388 C.O 40. 

082 / 




135 

102.608 0.0 40. 

082 / 




136 

102.608 0.0 41. 

249 / 




360 

101.85C .675 

41.082 


✓ 


361 

101.058 -.675 

41.082 


/ 


362 

102.858 .675 

40. 082 


/ 


363 

102.838 -.675 

40.082 


/ 


364 

101.958 .675 

40.082 


/ 


365 

101.858 -.675 

40. 082 


/ 


*/ FUSELAGE SHELL CCS 

/ 




80 

54.67 0.0 

12.06 


/ 

SECT 6 

81 

65.95 0.0 

12.81 


/ 

SECT 7 

82 

76.09 0.0 

15.C2 


/ 

SECT 0 

83 

83.72 0.0 

16.50 


/ 

SECT 9 

84 

96.09 0.0 

16.29 


/ 

SECT 10-11 

«■/ SPAR cr. / 





85 

54.44 0.0 

12.11 


7 

SPAR SECT 6 

86 

65.49 0.0 

12.49 


t 

SPAR SECT 7 

67 

75.97 0.0 

14.50 


/ 

SPAR SECT 8 

88 

83.58 0.0 

15.56 


/ 

SPAR SECT 9 

89 

C9.CC 0.0 

17.08 


/ 

SPAR SECT IC-ll 

*/ OTHER ITERS 

/ 




79 

98.16 0.0 

17.94 


t 

TRIM MOTCP 

90 

50.79 O.C 

9.45 


/ 

SECT 6 BASIC WT 

91 

68.85 0.0 

1C. 33 


/ 

SECT 76 BASIC WT 

92 

90.17 0.0 

19.55 


/ 

1270-50 BCDY-F I N CONNECTION 

*/ FIN 

SECTION CO LOCATIONS 

/ 



203 

91.86 0.0 

23.21 

/ 



207 

96.09 C.O 

26. 78 

/ 



212 

98.56 O.C 

31.77 

/ 



218 

100.44 0.0 

37.21 

/ 



221 

103.89 C.O 42 

.31 / 




500 

I JO. C.O 31. 

/ OPENTA 71 ON NODE 

*2 HORIZONTAL STABILIZER NUDES 


/ 


REC STAB 101.858 0.0 41.249 201. 

858 0.0 41.249 101.858 6.993 l-’ C449 

RESUME 

GLOBAL / 





150 ICI.U5I, O.C 41.249 

/STAB SPAR 

ROOT 

REC 

UTAH 101.850 C 

.0 41.249 

201.858 -4.76975 41.249 101.858 6.993 


141. 249 / 40£G ANHEDRIAL 

ANALYSIS PEAME SPAO / 

1501 0.0 .2 O.C / 


151 

0.0 

1.261 

0.0 

/ 

152 

0.0 

2.698 

O.C 

/ 

153 

0..3 

4.135 

O.C 

/ 

154 

0.0 

5.571 

O.C 

/ 

155 

0.0 

7. COB 

0.0 

/ 

156 

0.0 

8.059 

0.0 

t 


212.4 


s >■** 



' * 

© 

If? 0.0 9.075 0.0 / 

! 15t 0.0 10. 16| 0.0 / 

»*1 1 159 0.0 11.072 0.0 / 

160 0.0 11.914 0.0 / 

■ .161 0.0 13.105 0.0 / 

162 0.0 14.016 0.0 / 

Q 163 0.0 15.137 0.C / 

164 0.0 16.118 O.C / 

165 0.0 17.169 O.C / 

j 166 0.0 16.221 0.0 / 

167 0.0 19.202 0.0 / 

168 0.0 20.323 O.C / 

s 169 0.0 21.144 O.C / 

170 0.0 22.425 O.C / 

0 171 10. C 15.0 0.0 / (MENTATION NODE 

*/ STABILIZER PANEL-SPAR CC NODES / 

REC SIABCG 0.0 0.0 41.249 100. 0.0 41.249 0.0 6.993 141.249 / 

* 252 133.63C0 2.6400 0.0 / 

% 254 103.4A50 5.5350 O.C / 

f 257 103.987 8.761 0.0 / 

; 261 104.1900 12.76C0 0.0 / 

265 104. 2100 16.9200 0.0 / 

r C 269 103.9850 21.8400 0.0 / 

RESUME Cl DEAL / 

;j ANALYSIS FRAME GLOBAL / 

•■i 250 101.71 0.0 40.63 / 

IN REC HI 91.33 C.O 21.905 97.48 0.0 35.094 85.0 0.0 35.0 / 

•ti 9999 0. 0. 0. / 

c, RESUME GLOBAL / 

t' , ENO NODAL DATA / 

' BEGIN STIFFNESS OATA / 

BEGIN PROPERTY DATA / 

PI 1.0 *«2 20.0 1.0 1.0 / RIGID ELEMENT PROPERTY 

P2 .013 *«2 20.0 .132E-4 *«l 111100. /F WO RIGID SMELL LINKS 

j P3 1.0 *=2 2C. 1. 1. 100. / AFT ATTACHMENT OF BOOY SHELLS 

, ! END PROPCRIY DATA / 

/. j BEGIN ELEMFNT DATA / 

! f . */ ELEMENTS FOP MID BOOY SPAR / 

| BEAM 260 N50 50 51 2.6269 *«2 .815796 .695927 .568320 

* i 2.6491 *»2 .816595 .705220 .599445 / 

3 ; *2 N501 50 501 20. *-2 7.0 50C. 500. 110. /PITCH SPRING-ROOT 

! *2 N502 50 502 20. *-2 2.385 500. 500. 110. / POLL SPRING ROOT 


f 

♦2 N593 

50 503 58 

2E. * *2 6.45 

500. 

500. 

no. / .'Aw SPRING |; OOT 

}. ! 

♦ 2 

N51 

51 

02 

2.64 91 

♦ «2 

.316595 .705220 

.599445 


* i 





2.6551 

*«2 

.817135 .699525 

.613247 

/ 

4 | n 

*2 

N52 

52 

53 

2.6551 

• *2 

.017135 .699525 

.613247 


i 





2.6330 

4-2 

.009515 .684153 

• 596283 

/ 

i 

*2 

N53 

53 

54 

2.6330 

4-2 

•009515 .684153 

.596283 


5 ’ 





2.5034 

4-2 

.737986 .655574 

.500569 

/ 

V i 

*2 

N54 

54 

55 

2.5034 

4-2 

.737936 .055574 

.500569 







2.3467 

4-2 

•o309b7 .647414 

.447574 

/ 

i 

♦ 2 

N55 

55 

56 

2.3667 

4-2 

. 630° .7 .647414 

.447574 


- 





2.0709 

4—2 

• 3°0787 .621902 

.356925 

/ 


*2 

N56 

56 

57 

1.2524 

•*2 

.453769 .621646 

.356187 







1.1928 

4-2 

.420834 .595791 

.325931 

/ 


*2 

N57 

57 

58 

1.1928 

4-2 

.470334 .595791 

.325931 







1.1295 

4-2 

.387686 .566946 

.294410 

/ 

3 ‘ 

•/ NOMINAL AFT bODY 

SPAR ELEMENTS 

/ 






BFAM 260 

N5B 

58 

59 

1.3246 

4-2 

.372488 .567341 

.294149 







1.2313 

4-2 

.33» 577 .525907 

.255 <16 

/ 

. t - 

*2 

N59 

59 

60 

1.2313 

4-2 

.331577 .525907 

.255016 







1.1440 

4-2 

.255293 .479277 

.224406 

/ 

? i 

*2 

N60 

60 

61 

1.1440 

4-2 

.795293 .479277 

.224486 


f 





1.0580 

4-2 

.262771 .432032 

.195999 

/ 

*1 , 

*2 

N61 

61 

62 

1.0583 

4-2 

.262771 .432032 

.195999 


** i 





.9776 

4-2 

.233375 .389427 

.169770 

/ 

I i 

*2 

N62 

62 

63 

.9776 

4-2 

.233375 .389427 

.169770 







.9035 

4-2 

.207377 .353343 

. 147466 

/ 

v I 

42 

N63 

63 

64 

.9035 

4-2 

.207377 .353343 

. 147466 







.8399 

4-2 

.184401 .323113 

.130904 

/ 


I 

! 



212.5 


■ 4 





■m* m 


l ). 


*2 

N69 



*4 65 

.8390 

•«2 

.184401 

.323113 .130984 







.7836 

•■2 

.165980 

.297177 .117099 

/ 

• 2 

N65 



65 66 

.73 36 

**2 

.165980 

.297177 .117099 







.7305 

•■2 

.147913 

.272751 *106055 

/ 

*2 

NC6 



66 67 

• 7*05 

• ■2 

.147913 

.272751 .106055 







. o887 

• ■2 

.133266 

.254542 .098681 

/ 

*2 

N67 



67 68 

.6837 

*■2 

.133266 

.254542 .098681 







.6554 

*»2 

.123573 

.239385 .091087 

/ 

♦2 

N6B 



68 69 

.7228 

• »2 

.118307 

.239431 .091145 







.6945 

4-2 

.111666 

.227279 .085127 

/ 

*2 

NA9 



69 70 

.6946 

4-2 

.111666 

.227279 .085127 







.6683 

4-2 

.104231 

.218352 .030636 

/ 

*2 

N70 



70 71 

.6688 

*»2 

.104231 

.213352 .030636 







.4620 

*-2 

.099621 

.054947 .077282 

/ 

• 2 

N71 



71 72 

.4620 

*«2 

.099521 

.054947 .077282 







.455 

**2 

.098064 

.055313 .074358 

t 

*2 




72 77 

• J745 

»>2 .01336 .00668 .00668 

*2 




77 78 

.0745 

4-2 .01336 .00668 .00668 



77 

771 

.04925 '*2 

.00766 

. .002370 . 

009413 / 




77 

772 

.04925 * = 2 

.00 766 

> .002370 . 

009413 / 



*2 
•2 

4/ NOMINAL TIN SPAR ELEMENTS / 


AM 

260 N 10 1 



101 

102 

500 

.2911 

4-2 

.020029 

.309823 

.038993 









.2909 

*»2 

.020031 

.009796 

.033200 

/ 

42 

N 102 



102 

103 

500 

.2729 

4-2 

.017623 

• 0 3978° 

.038229 









.2719 

4-2 

.017525 

.00963;. 

.03’999 

/ 

42 

N 103 



103 

104 

000 

.4039 

• *2 

.016919 

.009818 

.0381 ?<> 









.4015 

4-2 

.016298 

.009739 

.037279 

/ 

*2 

N104 



lC-i 

105 

500 

.4015 

4-2 

.016298 

.309739 

.037279 









.3990 

4-2 

.016077 

.009651 

.036283 

/ 

42 

N 105 



1C5 

106 

500 

.3990 

4-2 

.016077 

.009651 

.036283 









. 3943 

4-2 

.015792 

.009535 

.039298 

/ 

42 

N 1 06 



106 

107 

500 

.3943 

4*2 

.015792 

.009535 

.039298 









. 390o 

♦ «2 

.015567 

. ’09937 

.032636 

/ 

42 

N 1 ' 7 



107 

1C8 

500 

.3906 

*«2 

.015567 

.009937 

.032536 









. 3880 

4*2 

• 0159<V 

.009355 

.031o95 

/ 

*2 

N 108 



IPS 

109 

500 

.3080 

• *2 

.015902 

. 9 n 9 3 5 5 

• 0 3 lo9 5 









.3865 

* 

.015288 

.009322 

.031256 

/ 

42 

N 109 



109 

110 

O 

o 

m 

. 3865 

4*2 

.015288 

« 009322 

.331256 









. 3C44 

4*2 

.015125 

. 30929/ 

.030768 

/ 

42 

NllO 



110 

111 

500 

.3 844 

4*2 

.015125 

.009292 

.330768 









.3015 

4-2 

.019907 

.009195 

.030003 

/ 

*2 

N 1 1 1 



111 

112 

500 

.3815 

4-2 

.019907 

.009195 

.030303 









.3781 

4*2 

• 0 1 ft '> 4 7 

.009033 

.029297 

/ 

*2 

N 1 12 



112 

113 

500 

.3731 

4-2 

.019637 

.009033 

.029267 









. 3759 

4=2 

.019979 

.003959 

.023697) 

/ 

• 2 

N 113 



113 

114 

5C0 

.3759 

4 = 2 

.019979 

.303959 

.028696 









.3744 

6-2 

.019369 

.00392? 

.029235 

/ 

*2 

N 1 14 



114 

115 

500 

. ’ T 99 

6=2 

.019369 

.033922 

.023235 









. r- 723 

6 = 2 

.019213 

.003899 

.027715 

/ 

42 

N115 



115 

I 16 

500 

.3723 

4*2 

.019213 

. 008899 

.027715 









.3686 

f'i 

.Cl 9029 

.008909 

.0/7266 

/ 

*2 

N 1 16 



116 

117 

500 

.3686 

4 ‘-2 

.019029 

.008609 

.027266 









.3541 

4-2 

.013917 

.008112 

.018519 

7 

42 

N 1 17 



117 

118 

\jn 

O 

O 

.3541 

♦»2 

.013917 

.009112 

.018519 









.3466 

4-2 

.013769 

.007899 

.01569’ 

/ 

*2 

N1 18 

113 

I 22 

118 

1221 

500 

. 3466 

4*2 

.013769 

. 707869 

.015691 









.3466 

4-2 

.013760 

.007369 

.015691 

/ 

42 

N 123 

122 

119 

1221 

119 

500 

.3466 

4-2 

.013769 

.007869 

.015691 









. 3 Oft 2 

♦*2 

.017182 

.0 j 75-8 

. U 0 8 7 8 2 

/ 

42 

N 1 i 9 



119 

120 

500 

.3062 

4=2 

. oi nez 

.007390 

.003782 









• 2 t5C 

*=2 

. 008391 

.030163 

.003737 

/ 

42 

M 1 20 



120 

121 

500 

.2650 

4-2 

. 00b56t 

.309163 

.003737 

/ 

elimfnts fur 

F IN 

SPAR 

MOUNT 

/ 









[AM 260 

71 

73 5C0 

PI 

/ 

‘V 

4 2 

73 

79 

PI 

/ 


42 

79 

75 

PI 

/ 


42 

72 

75 50C 

PI 

/ 

'l 

42 

76 

101 500 

PI 

t 


• 2 

79 

76 500 

• 

378 4-2 .220390 139503 .1 / .270-50 

r 


212.6 



97 ELEMENTS FOR PITCH- 

ROLL- 

VAN 

MECHANISM 7 


BtAM 260 N123 

121 

123 

PI 7 



• 2 

N12* 

121 

12. 

PI 7 



*2 

N125 

123 

125 

.2 

9*2 .0033*70 .0010620 

I .0196670 




• 

0T5 

9-2 .003000 .001*6$ 

.0123800 7 

92 

N1 26 

12* 

126 

912 

7 


92 

N 160 

127 

360 

362 

PI / 


92 

N 16 1 

128 

361 

363 

PI 7 


•2 


36* 

360 

362 

1.0 9*2 .00058 1.0 

1.0 10. 7 

*2 


365 

361 

363 

1.0 *>2 .00050 1.0 

1.0 10. 7 

92 

N 162 

127 

52 

360 

PI 7 


92 

N 16* 

128 

363 361 

Pi / 


92 


36* 

362 

360 

1.0 *«2 .00337 1.0 

1.0 10. 7 

92 


365 

363 

361 

1.0 *«2 .00037 1.0 

1.0 10. 7 

•2 

N 127 

125 

36t 


1.0 «*2 20. 1.0 

1.3 111. 7 

♦2 

N 120 

126 

365 


1.0 9*2 20. 1.0 

1.0 1030111. 

92 

N 129 

129 

127 

. C7* 

9*2 .0023775 .003309 .00995 





.0*9 

9*2 .001109 .00033395 .0018156 

*2 

N130 

130 

128 

♦12 

7 


92 


130 

137 

PI 

7 


*2 


129 

137 

PI 

7 


•2 


137 

131 

PI 

7 


*2 


137 

132 

PI 

7 


92 

N 1 32 

132 133 


.18*5 **2 .00*577 .002093 .0038** , 

*2 

N 133 

133 13* 


1.0 9*2 20.3 .125 

.125 7 

ROO 260 

N i 22 

122 13* 


.01615 7 LEAD SC-EH 

BEAM 2 1»0 

131 135 

.2 

5*7 * 

•2 

.006738 .002697 .011277 7-2 SPRING 

• 2 

N 1 36 

135 136 

500 

1.3 **2 20.0 .125 

.125 7 

92 

N13ol 

136 150 


1.0 9*2 20.0 .125 

.125 7 

92 

Nl 351 

135 150 


1.0 9*2 20. C .125 

.125 7 


7 ROLL CAGE 


9/ MASS 
BCAH n 

• 2 
*2 
*2 
•2 
*2 
*2 
*2 
*2 
*2 


ATTACK'.ENT ai- ms 
NCO 56 8C 

N301 90 aoi PI / 

601 50 80 P2 
N61 6261 

31611 PI 

811 56 81 P2 
N82 66 8? 

82 621 PI 
821 62 e2 P2 
N83 70 33 


N311 


N32 1 


P3 


P 3 
7 
A 

P3 

7 

7 

P3 


♦ 2 

NBJl 

63 

831 


PI 

7 

92 


831 

66 

83 

P2 

/ 

♦ 2 

771 

8* 

P 3 

/ 



*2 

772 

6* 

P 3 

/ 



92 

N8* 1 

8* 

e*i 


PI 

/ 

♦ 2 


0*1 

70 

8* 

P2 

7 


♦7 STABILITY FI tMENT DATA / 

BEAM 270 150 1501 171 1.0 **2 20. 1. 


M 7.70 
2 

15)1 151 171 
N151 

1.0 * =2 23, 
151 152 

*2 

N 152 

152 153 

♦ 2 

N153 

153 15* 

*2 

N 1 5* 

15* 155 

♦ 2 

N 155 

155 156 

♦ 2 

N 1 56 

156 157 

♦ 2 

N 1 57 

157 158 

♦ 2 

Nl 58 

158 159 

♦ 2 

N l 59 

159 160 

♦2 

N160 

160 161 


1. 7 

1. 1. .25*3 *=2 .0063*3 .30309b .015** 
171 .25*3 *=2 .00b3*3 .003096 .015**0 
.2*56 * =2 .005999 .002715 .013552 / 

171 .2*56 **2 .005999 .002715 .013552 
.2**5 *=*2 .005537 .002316 .911*36 / 

171 .2**5 9-2 .005537 .002316 .011*36 
.22*9 * = 2 .005132 .001973 .0093*2 7 
171 .22*9 **2 .005132 .001973 .0093*2 
.2093 9*2 .00*613 .001631 .008158 7 
171 .2098 **2 .00*613 .001631 .008158 
.1887 9*2 .003967 .001*15 .006221 7 
171 .1867 9*2 .003967 .001*15 .906221 
.1836 9*2 .003253 .001238 .0071*3 / 

171 .1836 9*2 .003253 .001238 .0071*3 
.1659 9=2 .0027*1 .001992 .095**7 / 

L 71 .1659 9*2 .0027*1 .901992 .005**7 
.1570 9*2 .002**6 .000936 .00*386 7 
171 .1570 **2 .002**6 .000986 .00*886 
.1*9* 9*2 .002200 .000999 .00**7* 7 
171 .1*9* 9*2 .002200 .000899 .00**7* 
.1*02 9*2 .001923 .000797 .C03980 7 


212.7 


c - ^ 




-W.S- wwyr***- 



♦2 

N161 

461 

462 

*2 

N162 

462 

463 

*2 

N163 

463 

464 ; 

♦ 2 

N 164 

464 

465 

42 

N 165 

465 

466 1 

42 

Nlbb 

466 

467 

42 

N 167 

167 

loS 

42 

N 160 

468 

169 

*2 

N 169 

469 

173 

END ELEMENT DATA Z 
END SIIIFNESS OATA / 

81 GIN BC DATA Z 
SUPPORT SY'«M IN SURFACE ? 

THROUGH 50 


471 .1402 *>2 .00492) .003797 .003980 
.1332 *»2 .034744 .000738 .003880 / 
471 .1332 *»2 .001711 .000738 .003880 
.1268 *«2 .001327 .090682 .003389 / 
171 .1266 »>2 .001527 .000682 .003389 
.1201 6*2 .001352 .000625 .003413 / 
171 .1201 *«2 .001352 .000625 .0R3110 
.1131 **2 .001186 .003558 .032794 / 
171 .1131 *>2 .001184 .000558 .002794 
.1071 *>2 .091025 .090526 .002619 / 

171 .1071 *>2 .001025 .000526 .00261 

.1015 * *2 .000903 .00^482 .002386 Z 
171 .lCl‘i *-2 .903933 .093482 .002586 
.0953 *-2 .900770 .0094)3 .032135 / 
l 71 .0953 **2 .309778 .900430 .002135 
.0906 *«2 .030603 .090401 .001985 / 
171 .9996 *»2 .000603 .030491 .091985 
.0830 **2 .000546 .030344 .031707 Z 


Z 


SUPPORT T X TY T 7 PX ?Y KZ FUR 59 531 502 503 / 

FREt R X KV P2 TOR 50 / 

RETAIN TY MX R t Ff >« 51 53 56 55 69 62 64 66 b6 70 71 77 78 / 

RETAIN TY MX FZ TOR OC 81 82 93 34 74 / 

RETAIN TY RX P l FOR 1C3 IC7 112 118 121 Z 

RETAIN TX TY TZ PX RY RZ FOR 1501 152 154 157 161 165 169 / 

END HC DATA Z 

BEGIN MASS DATA Z 

BEGIN CJnOITU.N DATA / 

ST ABE l CONDI! ION 1 0 C l / 

END CONDITION CATA / 

BEGIN C0NCENTRA1 FD MASS DATA l / 


4 / FIN MASS 

DATA 


Z 





FlfiPl 1J3 

203 

I 1 

. 1591 

.3415 

.8430 

.6380 

Z 

FINf»2 137 

207 

J r M 1 

.2029 

.9505 

5. 0475 

4.3955 

Z 

FINPi 112 

212 

I -M 1 

.2459 

. 7390 

4. 8615 

4.5360 

Z 

FINP4 Ilf) 

2 1 E 

I =M 1 

. 3b06 

1.0165 

5. 7665 

5.1225 

/ 

FINP5 121 

221 

I=M1 

.2543 

1.2115 

4.4205 

3.6490 

Z 

4 / BODY MASS 

, DATA 

Z 





ABSEC.6SH 

00 


.3125 

15.9625 

12.3485 

14.7025 

Z 

A8SFC7SU 

01 


.2675 

12.5555 

11.542 5 

12.2730 

Z 

ABSCC3SH 

02 


.1115 

3.3339 

2.6840 

3.0415 

Z 

A0SCC9SH 

03 


.1570 

3.2900 

2.0550 

3.2485 

Z 

ABSCC10SH 

04 


.1215 

1.3995 

8.6939 

9.4100 

Z 

AOSEC.SP 

53 

05 

1.4360 

.7255 

14.7140 

14.8295 

Z 

AHSFC7SP 

59 

E6 

.8935 

.9559 

9.6910 

9.7735 

Z 

ABSCCBSP 

64 

07 

• 3449 

.2429 

1.9250 

1.8990 

Z 

ABSEC^SP 

60 

00 

.24 95 

. 1525 

1. 092 C 

1.0865 

Z 

AUjFCICSP 

71 

69 

.1210 

.06 75 

4190 

.4025 

Z 

BA SIC 6 

51 

90 

1.2965 

5.5090 

.7155 

2.3245 

Z 

BASIC t 

60 

91 

.2840 

.4o65 

.3615 

.1490 

Z 

VTATT 

74 

92 

.2030 

.8530 

.6909 

.2759 

Z 

MOTUP 

73 

7" 

. 1507 

.0165 

.0935 

.0935 

Z 

MOTiTRS'JP 

77 


,10b0 

.23025 

. 5S0C5 

.4973 

Z 

SEC6ATT 

56 


• 00C5 

.03005 

.00005 

.00005 

Z 

SEC7ATT 

62 


.0005 

.00005 

.00005 

.00005 

z 

SCCGATT 

6b 


.0005 

.09005 

.30005 

.00005 

z 

SCC9ATT 

70 


.0005 

.00005 

.00005 

.00005 

z 

4Z STAIML IZt « MASS DATA Z 





SPAN El. 0 1501 

2 00 

.25335 .1465 .2634 

.23855 

z 


SPAN EL l t 52 

252 

. 2S 7 

269222 1 

.52 7759 

1.716589 


SPANE12 154 

254 

.1353 

173 1 

.088. 49 

1.169249 


SPAN El 3 157 

257 . 

2419 

.358 1 

.26 1.56522 Z 



SPAN tl 4 If. 1 

26 1 

. 26C9 

360475 

.021960 

1.129243 


SPANK 5 lo5 

26 5 

.1961 

2b9449 

.526398 

.759347 


SPAN El 5 l<>9 

269 

.1409 

275112 

.342002 

.574814 


END CONCENT 

>’ ATC') 

MASS DATA Z 




BEGIN 

FACTUM 

DA TA Z 
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EXCLUDE ST IFPNFSS ELEMENTS 2 
END FACTOR RATA 2 

END MASS DATA 2 
BEGIN SU8SFT DHINITICN 2 

SUDS US Of STIFFNESS SET i 2 
N3CI * 59 GO 62 o4 66 68 70 71 77 

N002 = 74 |C3 107 112 US 121 / 

M0O3 * I *»0 1 152 154 157 161 165 169 
N004 * AIL 2 PLOT SET 

LxCLUOt 50 0 171 rPOM N004 2 

E004 * All 2 flt.MtNl PLOT SET 
END SUBSET OEf IN 1 T ION 2 
BfGIN Oil'll AT CATA 2 
CASE l 2 

BEGIN GLUM FT R Y OATA 2 
LIFTING SUP FAC F DATA 2 
PAN El Ml AIL 98.1 j5 11C.454 101.107 107.257 0.0 23.062 41.249 39.6363 2 


CHORD 

OIV 

0. 

.1 .2 .4 .62 

.81 1 

.C 2 





SPAN 

OIV 

0. 

.1 .2 .3 .4 

.5 . 

6 .7 .8 .9 

1.0 

2 



PANEL 

TA11F 

93.15 114. 37 93.15 

113.278 0. 

0. 43. 

5 41. 

249 

2 

CHOP 0 

OIV 

0. 

.1 .2487 .310 . 

3709 

.4931 .6275 

.7436 

.8597 

1.0 

2 

SPAN 

D I V 

0. 

.5 l.C 2 







PAN CL 

TA1LU 

93. If 113.278 

93.15 112. 0. 0. 

41.249 38 

.5 2 


CHOP n 

CUV 

c. 

.1 .2487 .310 . 

3 709 

.4931 .6275 

.7430 

.8597 

1.0 

2 

SPAN 

OIV 

0. 

.5 l.C 2 







PANEL 

TAILM 

c 3. 15 112. 91 

.55 

110.45 0. 0. 

33.5 

35.094 2 


CHOPC 

OIV 

0. 

.1 .2487 .310 . 

3709 

.4931 .6275 

.7436 

.8597 

1.0 

2 

SPAN 

OIV 

0. 

.5 l.C 2 







PANFL 

T A 111 

91.55 110.45 

85.404 104.200 0. 

0. 35 

.094 

21.905 

CHORD 

OIV 

0. 

.1 .2487 .310 . 

3709 

.4931 .6275 

.7436 

.8597 

1.0 

2 


SPAN OIV 0. .125 .25 .375 .50 .625 .75 .875 1.0 2 

INTER! DUNCE SUPIACt OATA 2 

BUOY ArlUOY 2 

PANEL Top'll) 6C.2 111. I 60.2 111. I 0. 1.45 21.905 21.905 2 

CHOFD OIV .0 . 23b 5 .3919 .4952 .5323 .5874 .6101 .6327 .6780 

.7279 .7709 .0140 ,f.6fcC 1.0 2 

SPAN OIV 0. l.C 2 

PANEL US IDE 6C.2 1 1 1 . 1 60.2 111. I 1.450 3.5 21.905 19.855 2 

CHORD OIV .0 . 23b 5 .3919 .4952 .5323 .5874 .6101 .6327 .6780 

.7279 .7709 .8140 . B66C 1.0 2 

SPAN OIV 0. 1.0 2 

PANEL VS IPE 6C.2 111.1 60.2 III. I 3.5 3.5 19.855 16.955 2 

CHORD OIV .0 .2365 .3919 .4952 .5323 .5874 .6101 .6327 .6780 

.7279 .7709 .8141 .8660 1.0 / 

SPAN OIV 0. 1.0 2 

PANEL LSIUE 6C.2 111.1 60.2 111. I 3.5 1.450 16.955 14.905 2 

CHORD OIV .0 .2365 .3919 .4952 .5323 .5874 .6101 .6327 .6780 

.7279 .7709 .8140 . 066C 1.0 2 

SPAN OIV 0. 1.0 / 

PANEL BUT 3D 60.2 111. I 60.2 111.1 1.45 0. 14.905 14.905 / 

CHORD OIV .0 .2365 .3919 .4952 .5323 .5074 .old .6327 .6780 

.7279 .7709 .6140 .6660 1.0 2 

SPAN OIV 0. 1.0 / 

DOUBLET DATA 2 

BODY A3 JOY C. 10.247 YDOUBIFT 2 

AXIS OIV 60.2 72.24 89.15 85.404 87.2916 90.0985 91.2556 92.4061 

94.7118 57.2467 99.44 101.6317 104.28 111. I 2 
RAOII 0.1 2. 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 0.1 2 

LNO GtuttHKY OAT A 2 
BEGIN SUBSET OATA 2 
SUBSETS OF BOXES 2 
SUBSET SI 1 TO 6 / 

SUBSET S2 7 Tf! 60 / 

SUBSET El 61 TC 78 2 
SUBSET F 2 79 TC 87 2 
SUBS FT F3 «B TC 9b 2 
SUBSET F4 97 TC 141 / 

SUBSET F 5 142 TO lBo / 

SUBSET UP BOD 137 TO 199 BY I 2 

SUBSET USlMIO 200 TO 212 BY l 2 

SUBSET SI80D 213 TO 225 BY l 2 
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SUBSET tsbon 22b TO 238 BY 1 / 

SUBSET BOHOr* 239 TO 251 BY l / 

SUBSETS (I*- - STRIPS / 

SUBSET SSI 1 / 

SUBSET SS2 2 / 

SUBSET SS3 3 / 

SUBSET SS4 4 / 

SUBSET SS5 5 / 

SUBSET SS6 6 / 

SUBSET SS7 7 / 

SUBSET SS8 8 / 

SUBSET SS9 9 / 

SUBSET SS 10 10 / 

SUBSET ESI 11 / 

SUBSET T52 12 / 

SUBSET FS3 13 / 

SUBSET FS4 14 / 

SUBSET FSO 15 / 

SUBSET FS6 16 / 

SUBSET FST 17 / 

SUBSET rw IP / 

SUBSET FS9 19 / 

suBscr es:o m / 

SUBSET Fill 21 / 

SUBSC; FS12 22 / 

SUBSET FS13 23 / 

SUBSET FS 15 25 / 

END SUBSET DATA / 

BEGIN MOl'Al OAT A / . 

USC CC002 WITH LIFTING SUBFACE FI F2 F3 F6 F5 / 

USE CC003 WITH LIFTING SIF TACE SI S2 t 

USE COOOl WITH IUTFPF BODY ABODY / 

USE COOOl WITH 310Y DOUBLET ABOOY / 

END MGOAL OATA / 

BEGIN OPTION DATA / 

VELOCITY PROFILES / 

PROFILE VP!:UH OLE l 160. OTEl -66. 0. 0. .005 .863 .0125 1. .025 1.095 
.05 1.17 .075 1.166 .1 1.153 .125 1.16 .15 1.16 .175 1.16 .2 1.165 
.25 1.169 .3 1.158 .35 1.158 .6 1.153 .5 1.127 .6 1.086 .7 1.039 

.75 1.02 .8 1 . E05 .85 .99 .9 .966 .95 .927 .975 .356 .99 .762 1. 0. / 

PROFILE VPPur DLEl 160. OTF 1 -66. 0. 0. .0C5 .775 .0125 1. .025 1.118 

.05 1.236 .375 1.192 .1 1.17 .125 1.158 .15 1.153 .175 1.158 .2 1.162 

.25 1.166 .3 1.17 .35 1.17 .6 1.166 .5 1.16 .6 1.091 .7 1.066 .75 1.02 

.8 1.005 .85 .9 75 .9 .53)) .95 .90 .975 .877 .99 .356 l. 0. / 

USE VPfillH ON SSI SS2 SSi SS4 SSO SS6 SS7 SS6 SS9 SS10 / 

USE VP90F ON FS1 FS2 FS3 F S6 FS5 F S6 FS7 FS8 FS9 FS10 FS11 FS12 FS13 

FS 16 / 

PRESSURE CORRECTIONS / 

USE .6092 0.0 AS SCALAR ON SI / 

USE .8930 0.0 AS SCALAR ON S2 / 

USE .775 0.0 AS SCALAR .IN F2 / 

USE .9730 ''.C AS SCALAR ON F3 / 

ENO OPTION OATA / 

END OUBLAT OATA / 

BEGIN AF1 CATA / 

CASE 1 / 

BEGIN GfilWF TP Y DATA / 

MAIN SURFACE OTA IL / 

LEADING EDGE 9F.U3 O.C 61.269 101.107 23.062 39.6363 / 

TRAILING t'.'GF 110.656 0.0 61. 2.9 107.257 23.062 39.6363 / 

STRIP FRACTIONS .1 .2 .3 .6 .5 .6 .7 .8 .9 / 

MAIN SURFACE VTAIL / 

LEADING EDGE 93.15 0.0 63.5 93.15 0.0 38.5 91.55 0.0 35.096 
85.606 P.C 21.905 / 

TRAILING fc'DGF 116.37 0.0 63.5 113.278 0.0 61.269 112.0 0.0 38.5 
110.45 3.0 35.054 1C4.2R 0.0 21.905 f 
STRIP DISTANCES 1.1255 3.6255 6.703 10.0546 11.7033 13.3519 15.0005 
16.045 18.2978 15.5464 / 
f NO GlOlfcTPY OATA / 

BEGIN MOOAl OATA / 

USE C0002 WITH MAIN SURFACE VTAIL / 
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USE C0003 WITH MAIN SUP FACE UTAH. / 
ENO NOOAt DATA / 

END AF1 CiTA / 

BEGIN Flump OATA / 

CASE 1 / 

ALTITUDE 0.0 / 

ENO FLUTTCR OATA / 

ENO PK061EM OATA / 
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Figure 212-3. V-g Plot, YC-14 Empennage 
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213. 3D STRESS ANALYSIS OF A ROTATING DISK 

PECK 12) 


213.1 DESCRIPTION OF ANALYSIS 

A 3D stress analysis is performed on a rotating disk 
subjected to the following loads: 

• Inertia loads due to angular velocity and acceleration 

• Pressure in central hole and on rim 

• Thermal loading 

The disk is shown in figure 213-1. Rotation is about an axis 
perpendicular to the plane of the disk. The pressures act in the 
plane of the disk and are uniform through the thickness of the 
disk. Two thermal loadcases are applied: a uniform temperature 

increase and a temperature increase varying linearly in the 
radial direction and unifor through the thickness. 

A 30° sector of the disk is modelled using 20-node BRICK 
elements. Only one-half of the thickness is modelled and 
symmetry enforced upon the mid-surf ace. The model is shown in 
figure 213-2. 

213.2 RESULTS 

Radial and tangential stress components due to constant 
angular velocity, U) , are presented in figure 213-3. The solid 
lines represent the theory of elasticity solution (ref. 213-1) . 

Shear stresses due to angular acceleration, (X , are presented 
in figure 213-4. The solid line represents the theory of 
elasticity solution (ref. 213-2). 

Radial and tangential stress components due to pressure 
loading in the bore and on the rim are presented in figures 213-5 
and 213-6, respectively. The solid lines represent the theory of 
elasticity solution (ref. 213-1). 

Element stresses due to the uniform temperature increase are 
zero within the accuracy of the computer. Displacements are also 
exact within machine accuracy. Radial and tangential stress 
components due to the radial temperature gradient are presented 
in figure 213-7. The solid lines represent the theory of 
elasticity solution (ref. 213-1) . 
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213.3 LISTING OF CONTROL PROGRAM AND DATA 

BEGIN CONTROL PROGRAM DEMO 12 

PROBLEM I C 4 CEM012 - 30 STRESS ANALYSIS OP A ROTATING DISK) 


PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS 

DECK ARE 

1. 30 STRESS ANALYSIS 

2. THERMAL LOAOING 

3. INERTIA LOADING 

CORE 1AOK (OCTAL) 

AUTHOR R. A. SAMUEL 


READ INPUT I MODE 21 
PAIN” INPUT (NODAL) 

PRINT INPUT (MATERIAL) 

PRINT INPUT (STIFFNESS) 

PRINT INPUT ( BC) 

PRINT INPUT ( LOAOS) 

EXECUTE EXTRACT ( EXNAME-DI SK. L5U8-KGRI D. E SUB* El, NSUB-Nl) 

EXECUTE GRAPH1CS(GNAM£*8RICKS,CFFLINE-CALC0MP,RZ-30,RX-0,RY-Z0, 
X TYPE- ORTH, SIZE-120. ,20. ),LABEL-E, EXNAME-DISK) 

EXECUTE MASSlCPTION-*) 

PERFORM STRESS 
PRINT OUT PUT ( LOADS) 

PRINT OUTPUT(OISP.CYL) 

PRINT OUTPUT! STRESS) 

PRINT OUTPUT (RE ACTIONS.EOCHK ) 

PRINT INPUT1BC. STAGE-21 
PRINT INPUT1LCADS, STAGE-2) 

EXECUTE LOACSI STAGE-2 ) 

EXECUTE McRCE(STiFFNES3,STAGE-2.KKlI*II,XK13«I3) 

EXECUTE McRGE(LOACS,STAG£-2,LL11«11.LL31«31) 

EXECUTE r HCL E SKY! SOL VE.KK1 1,0011, LI III 

EXECUTE „TRESS(STAGE«2. 01-00111 

EXECUTE MULTlPLY(RR3l-[-LL3l*XK13(T ) *001 1 ] ) 

PRINT OUTPUT (LOAOS, LI I-LL1 1 . L31-L L3 1 , STAGE-2 ) 

PRINT OUT PUT (CI5P, STaGE-2, CYL) 

PRINT OUTPUT(STRESS, STAGE-2) 

PAINT 0UTPUT(REACTICNS,R31-RR31,E0CHK, STAGE-2) 

PURGE f ILES1 STIFRNF ,STRERNF, LOADRNF) 

EXECUTE -»TIFFNESS(BIG8R4CK) 

EXECUTE LOAOS 
EXECUTE STRESS(Ol-OU) 

PRINT OUTPUT! STRESS) 


PRINT OUTPUT! ST RESS,BIGBR! CK- NODAL) 

EXECUTE L OACS ( ST AGE-2 ) 

EXECUTE STR£SS(STAGE-2. 01-0011) 

PRINT 0UTPUT1STRESS. STAGE-2) 

PRINT OUTPUTISTRESS, STAGE-2, 8IGBR1CK- NODAL) 
END CONTROL PROGRAM 
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BEGIN MATER I Al DATA 
MSI .1 


-200 

11.366 .3 

4 

.3466 -. 

003 


400 

9.366 .3 

3 

.5866 

003 


ENO 

MATERIAL DATA 






SEGI 

N NODAL OATA 






ANAL 

YSIS FRAME INPUT 





CYL 

CAN 0. 0. Q»« 

5. 

0 

. 0 » * 0 

. 0. 

5. 

1 

• 

375 0. 0. 

TO 

3 

.: T5 

30. 

0. 

4*2 

11 

.5 0. 0. 

0 

11 

.5 

0. 

0. 

4*2 

11 

1. 0. 0. 

0 

11 

1. 

0. 

0. 

4*1 

11 

1.37$ 0. 0. 

0 

11 

1.375 

0. 

0. 

141 

.375 0. .15 

TO 

143 .375 

30. 

.15 

4*2 

11 

.5 0. 0. 

0 

11 

.5 

0. 

0. 

4*2 

11 

1. 0. 0. 

0 

11 

1. 

0. 

0. 

4*1 

11 

1.375 C. 0. 

0 

i; 

1.375 

0. 

0. 


a 

.625 0. 0. 

TO 

9 

.625 

30. 

0. 

4*1 

u 

.5 0. 0. 

0 

11 

.5 

0. 

'0. 

4*1 

n 

.75 0. 0. 

0 

11 

.75 0 

. 0 

• 

*♦1 

u 

1. 0. 0. 

0 

11 

1. 

0. 

0. 

♦♦l 

il 

1.125 C. 0. 

0 

11 

1.125 

0. 

0. 

1 

48 

.625 0. .15 

TO 

149 .625 

30. 

.15 

*♦1 

11 

• 

o 

• 

o 

to 

• 

0 

11 

.5 

0. 

0. 

♦♦1 

11 

.75 0. 0. 

0 

11 

.75 0 

. 0 

• 

*♦1 

11 

1. 0. 0. 

0 

11 

1. 

0. 

0. 

4*1 

11 

1.125 0. 0. 

0 

11 

1.125 

0. 

0. 


71 

.375 0. .075 TU 

73 .375 

30. 

.075 BY 2 

*♦2 

11 

.5 0. 0. 0 

11 

.5 

0. 0. 

4* 


• ♦2 

11 

1. 0. 0. 0 

11 

1. 

0. 0. 

4* 


*♦1 

11 

1.375 0. 0. 

0 

11 

1.375 

0. 0 

. 44 


RESUME GLOBAL 

210 0 . 0 . - 1 . 

211 0 . 0 . 1 . 

212 -9.7 -.26 .075 

REORDER FROM 212 
ENO NOCAl DATA 
BEGIN STIFFNESS OATA 
BEGIN ELEMENT CATA 

dRICK M51 1 3 143 141 12 14 154 152 2 73 142 71 13 84 153 82 8 9 149 148 

*♦4 0 0 11 **19 

BEAM N200 210 211 1 1, 

END ELEMENT DATA 
ENO STIFFNESS DATA 
BEGIN BC DATA 

SET 1 STAGE 1 / SYMMETRIC BC 
SUPPORT T 2 FOR 210 

SUPPORT TT FOR l TO K3 

SUPPORT ASYM IN SURFACE 3 THROUGH 1 
SET 1 STAGE 2 / ANTISYMMETRIC BC 
SUPPORT TR FOR 1 TO 198 

SUPPORT ASYM IN SURFACE 3 THROUGH 1 
SUPPORT TT FOR 1 TO 3 71 73 141 TO 143 
SUPPORT T 2 FOR 210 
ENO BC DATA 
BEGIN Li S CATA 

LOAC CASE 10 INTPRES »♦ PRESSURE IN HOLE * 

LOAD CASE 10 RIMPRES *♦ PRESSURE ON RIM 4 

LOAO CASE 10 OMEGA *4 CONSTANT OMEGA - 2000 4 

LOAD CASE ID TFERM *4 UNIFORM CELTAIT) 4 

LC AC CASE 10 TFRMLIN *4 DELTA! T) « 1204R - 270 4 
LOAO CASE IC BEAMLD *4 AXIAL LCAD ON BEAM 4 
BEGIN INERTIA LOAD OATA 
AXIS 210 211 
CASE OMEGA 
2000 . 

END INERTIA LOAC OATA 
BEGIN ELEMENT LOAD OATA 

DIRECTION ELEMENT -l. 0. 0. 

CASE INTPRES 

I 1 10000. 

CASE RIMPRES 
5 2 789. 

ENO ELEMENT LOAC OATA 
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BEGIN ELEMENT THERMAL LOAD OATA 
CASE THERM 

1 TO S 200. 

END ELEMENT THERMAL LOAO DATA 
BEGIN NCOAL THERMAL LOAD DATA 
CASE THRMLIN 

l TO 3 71 73 141 TO 143 -225. 

a 9 148 149 -195. 


12 

TO 

14 

82 84 152 TO 

154 - 

165. 

19 

20 

159 

160 

-135. 




23 

TO 

25 

93 95 163 TO 

165 - 

105. 

30 

31 

170 

171 

-45. 




34 

TO 

36 

104 

106 174 

TO 

176 

15 

41 

42 

181 

1B2 

75. 




45 

TO 

47 

115 

117 IBS 

TO 

187 

135 

52 

53 

192 

'.93 

210. 




56 

TO 

56 

126 

128 196 

TO 

1*8 

300, 

ENO NCOAL 

Thermal 

LOAO OATA 




BEGIN NOOAL LOAO CATA 
CASE BEAMLO 

211 FI 1000. 

ENC NOOAL LOAD OATA 
SET 1 STAGE 2 

LOAC CASE IC ALPHA *♦ ALPHA * 5000 * 
BEGIN INERTIA LOAC OATA 
AXIS 210 211 
CASE ALPHA 
0. SOOO. 

ENO INERTIA LOAC OATA 
END LOACS DATA 
BEGIN SU3SET DEFINITION 

SUBSETS Of STIFFNESS SET 1 
El * BRICKS 
Nl * ALL 

EXCLUDE 212 FROM Nl 
ENO SUBSET OEFIMTIGN 
ENC PROBLEM CATA 
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Figure 213-2. Model of Disk Segment 
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Linear thermal gradient from center to rim, 
AT= Kr 


Figure 213-7. Stresses Due to Thermal Loading 
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301. ATLAS/FLEX STAB INTERFACES (DECKS 5 AND 6) 


301.1 DESCRIPTION OF DEMONSTRATION 

The method used to demonstrate the ATLAS- to-FLEXSTAB and 
FLEXSTAB-to-ATLAS interfaces is shown schematically in figure 
301-1. The structural model is shown in figure 301-2. The body 
is modelled using BEAMS for the frames, RODs for stringers and 
SPLATEs for the surfaces. The wing is modelled using SPAR and 
COVER elements. All mass is obtained from a separate mass model 
consisting of mass PLATE elements and concentrated masses. The 
mass model is shown in figure 301-3. Symmetric and antisymmetric 
boundary conditions are imposed in the plane Y=0. 

A reduced flexibility matrix is generated for each boundary 
condition stage. A diagonal mass matrix is produced directly by 
the Mass Processor. The interface routines MASSFIL and FLEXFIL 
are then executed to create the FLEXSTAB input tape NASTAP. 

The FLEXSTAB system is executed, producing nodal loads for 
two symmetric conditions on the SDSS output tape. These nodal 
loads are read by the interface routine STREFIL and written onto 
the file DATARNF. The nodal loads are read from DATARNF by the 
Loads Preprocessor and used to perform an ATLAS stress analysis. 

In addition to the stress analysis, the Mass Processor is 
executed to produce panel weights corresponding to the FLEXSTAB 
aerodynamic panels. These panel weights, together with airloads 
data from the SDSS output tape, are used by the routine VAMAT to 
calculate net shear, moment and torsion at various cuts along the 
wing and body. These net loads for each condition are searched 
by the routine VAMSCN to obtain the minimum and maximum values at 
each cut. 

301.2 RESULTS 

FLEXSTAB detected no errors while reading the ATLAS-generated 
NASTAP tape. The airloads calculated by FLEXSTAB appeared 
reasonable. No errors were detected by ATLAS while using the 
FLEXSTAB-generated SDSS tape. Displacements and stresses 
appeared reasonable. 

Comparison of the VAMAT and VAMSCN results confirmed that the 
correct maxima and minima were found. The body bending moment, 
as calculated by VAMAT, is shown in figure 301-3. 
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LISTING OF CONTROL PROGRAM AND DATA 




BEGIN CONTROL MATRIX PROGRAM OEMOD5 

PROBLEM ID I06MJC5 - ATLAS- TO-rLEXSTAB INTERFACE! 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BV THIS 

DECK ARE 

1. AT^AS-TO-FLCXSTAB INTERFACF 

2. PLOTS OF MASS MODEL 

AUTHOR F. P. GRAY 


CORE 1 3CK l OCTAL > 

DIMENSION FET I 100. 31 ,FET SI 55 0 ) 

C 

READ INPUT 

PRINT INPUT (NODAL I 

PRINT INPUTISTIFFNESS) 

PRINT INPUTIMASS) 

EXECUTE EX TRACT I EXNAME«ST !F,LSUB = KGRI C,ESUB*EI ,NSUR*N5) 

EXECUTE GRAPH ICS (GNAM£=GEOM « TYPE * ( ORTH,P0INT ) ,SI ZE* C30. ,20. I , 

X OFFL INE = GEP8ER ,RZ*3G.«RX*0.«RY*2Q. , EXNAM£«ST I F I 

EXECUTE EXTRACT! EXN AH E’MASS.L SUB=MG PI D, E SUB-EA ,NSUB* N6 ) 

EXECUTE GRAPHICS (GNA.ME*GEUM,TYPE = ! ORTH, POINT) , S I ZF* 1 30. ,23 . I , 

X RZ “30. «P X*0. ,F Y*20.,EXNAME=MASS) 

EXECUTE MAS SI OP T ION «2 ) 

PERFORM F-PEOUCE(STAGE = I.rK] = rKll, [FR £D]= [FLE X I ]) 

PERFORM F-REOUC£ISTAGE«2,rK]=rK2j, IFRE d1=CFLEX21) 

PRINT INPUTIBCI 

CALL FILEADOIFET.MUL TRNF , MA SS« NF , OA TA PNF I 
CALL FETAOOI S A VE SSF , F E T S , 550 , 1 , 0, IHR) 

REWIND SAVE SSF 
N~ l 

CALL MASSFILI 7LMOCOOIA.N.N) 

CALL FLEXFIL!5LFLEX1) 

CALL FLEXFIL(5LFLEX2) 

END 



i 



- - ■-* , 


BEGIN NODAL DATA / 


1 

20. 

0. 

1. 

TO 

9 

340. 

0 . 


65. 

3T 

2 

/ 

101 

20. 

0. 

-1. 

TO 

109 

340. 

0 . 


-65. 

BY 

2 

/ 

201 

20. 

1. 

0 . 

TO 

209 

340. 

65. 


0. 

3Y 

2 

/ 

11 

420. 

0 . 

65. 

TO 

83 

330C. 

0 . 


65. 

ST 

2 

/ 

111 

420. 

c. 

-65. 

TO 

189 

354C. 

0 . 


-65. 

3T 

2 

/ 

211 

420. 

65. 

0. 

TO 

225 

980. 

65. 


0. 

ST 

2 

/ 

265 

2580. 

65. 

0 . 

TO 

2 77 

3060. 

65. 


0 . 

ST 

2 

/ 

287 

3460. 

65. 

0 . 

TO 

2 89 

3540. 

65. 


0 . 

9T 

? 

/ 

•/ 

MING 

COORDINATES / 










227 

1060. 

65. 

0. 26.25 

TO 

245 

1780. 

65. 

0 . 

36.35 

8T 

2 

/ 

245 




TO 

255 

2180. 

65. 

0 . 

28.8 

?, T 

2 

/ 

255 




TO 

263 

2500. 

65. 

0 . 

12.0 

ST 

2 

/ 

327 

1060. 

65. 

0. 26.25 

TO 

341 

1620. 

265 

0 . 

8.85 

ST 

2 

/ 

445 

1780. 

195. 

0. 22.65 

TO 

455 

2130. 

195. 

0 . 

20.15 

BT 

2 

/ 

541 

1620. 

265. 

0. 8.85 

TO 

551 

2205. 

455. 

0 . 

5.75 

BY 

2 

/ 

651 

2205. 

455. 

0. 5.75 

TO 

6 56 

2545. 

594. 

c. 

3.2 



/ 

756 

2545. 

594. 

0. 3.2 

ro 

760 

2875. 

765. 

0 . 

.95 



/ 

760 




TO 

763 

2995. 

765. 

c. 

1.85 



/ 

341 




TO 

355 

2130 . 

255. 

0 . 

20.15 

3T 

2 

/ 

355 




TO 

363 

2 500. 

265. 

0 . 

11.25 

3T 

2 

/ 

551 




TO 

559 

2525. 

455. 

0 . 

10.0 



/ 

559 




TO 

563 

2685. 

455. 

0 . 

5.0 



/ 

656 




TO 

659 

2665. 

594. 

0 . 

4.85 



/ 

659 




TO 

663 

2825. 

594. 

0 . 

2.45 



/ 


*/ HORIZONTAL TAIL / 


279 

779 

3140. 65. 0. 
3140. 65. 0. 

1.30 

1.30 

TO 

979 

3365. 

200. 

0. 

1.25 

ST 

ICO 

/ 

/ 

281 

781 

3220. 65. 0. 
3220. 65. 0. 

4.25 

4.25 

TO 

981 

3388. 

200. 

0. 

1.75 

BY 

100 

/ 

/ 

283 

783 

33C0. 65. 0. 
3300 . 65. 0. 

4.55 

4.55 

TO 

983 

3412. 

2"0. 

0 . 

1.30 

8Y 

100 

/ 

/ 

285 

785 

3380. 65. 0. 
3380. 65. 0. 

1.40 

1.40 

TO 

985 

3435. 

20C. 

c. 

.60 

8Y 

ICO 

t 

/ 

*/ 

REC 

VERTICAL TAIL 
R EC 1 0. 0. 0 

/ 

. 1. C. 

0. 

0 . 

-1. 0 

. / 







35 

3380. 65. 0. 

3.25 

/ 











87 3460. 65. 0. 2.40 / 


1085 3460. 140. 0. 1.50 / 
1087 3500. 140. 0. 1.80 / 
*/ WING FIN / 


1156 

2545. . 

l -594. 2.40 TO 1356 

2 330. 

IOC. -594. 1.80 

BY 

100 


/ 

1158 

2625. . 

l -594. 2.40 TO 1358 

2842. 

ICO. -594. 1.90 

SY 

100 


/ 

1161 

2745. . 

1 -594. 2.80 TO 1361 

2859. 

IOC. -59*,. 1.95 

BY 

100 


/ 

1163 

2825. . 

1 -594. 2. EC TO 1363 

2870. 

100. -594. 2.05 

BY 

ino 


/ 


RESUME 

GLOBAL 






/. 

89 

3540. 

0. 65. 






/ 

*/ 

WEIGHT 

PANELS - BODY 






/ 


6001 

0. 0. 0. TO 6016 

3564 

» 0. 0. 




/ 


6021 

0. 65. 0. TO 6036 

3564 

. 65. 0. 




/ 

*/ 

WE IGHT 

PANELS - WING 






/ 


6100 

741.0 65.0 0. TO 

62 20 

2487.0 594.0 

0. 

BY 

2C 

/ 


6100 

TO 

6260 

2487.0 594.0 

0. 

SY 

80 

/ 


6180 

TO 

6240 

2487.0 594.0 

o. 

BY 

20 

/ 


6260 

TO 

6320 

2864.0 794.0 

0. 

BY 

20 

/ 


6 110 

2715.0 65.0 0. TO 

6170 

2715.0 329.5 

0. 

BY 

20 

/ 


6189 

2715.0 329.5 C. TO 

6249 

2874.0 594.0 

0. 

BY 

20 

/ 


6266 

2874.0 594.0 C. TO 

6326 

3054.0 794.0 

9. 

BY 

20 

/ 


6100 

TO 6110 






/ 

*♦3 

20 

0 20 






/ 


6180 

TO 6189 






/ 

*♦3 

20 

0 20 






/ 


6260 

TO 6266 






/ 

*♦3 

20 

0 20 






/ 

*/ 

WEIGHT 

PANELS - HOP TAIL 






/ 


6400 

3124. 65.1 0. TO 

6403 

3417. 65.1 

0 . 



/ 


6410 

3386. 228.0 0. TO 

6413 

3464. 228.0 

0 . 



/ 

END 

NODAL DATA / 
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BEGIN STIFFNESS DATA / 
BEGIN ELEMENT DATA / 

*/ MING SPARS / 


SPAR 

M5 

227 

329 

.06 

1. 







/ 

SPAR 

M5 

247 447 

tO 2.0 

TO 253 

*53 

BY 2 2 





/ 

SPAR 

MS 

32*3 

331 

.06 

1. 

ro 

339 


BT 

2 

2 

/ 

SPAR 

M5 

341 

543 

.06 

1. 







/ 

SPAR 

M5 

543 

54 5 

.06 

1. 

TO 

549 

55 

BY 

2 

2 

/ 

SPAR 

MS 

551 

653 

.06 

1. 







/ 

SPAR 

MS 

6S3 

655 

.06 

1. 







/ 

SPAR 

M5 

655 

656 

.06 

1. 







/ 

.. SPAR 

MS 

656 

757 

.06 

1. 







/ 

SPAR 

M5 

757 

758 

.06 

1. 

TO 

759 

760 




/ 

s SPAR 

MS 

263 

363 

.20 

6. 







/ 

SPAR 

M5 

363 

563 

.17 

6. 







/ 

SPAR 

M5 

563 

663 

.15 

4. 







/ 

SPAR 

MS 

663 

76 3 

.15 

2. 







/ 

SPAR 

M5 

229 

325 

.1 

1. 

TO 

243 

343 

BY 

2 

2 

/ 

SPAR 

M5 

245 

<»4 5 

.18 

1 . 







/ 

SPAR 

M5 

445 

345 

.18 

1 . 







/ 

SPAR 

M5 

447 

34 7 

.1 

2. 

TO 

453 

353 

BY 

2 

2 

/ 

SPAR 

MS 

255 

455 

.3 

6. 







/ 

SPAR 

MS 

455 

35 3 

.3 

6. 







/ 

SPAR 

MS 

257 

357 

.12 

6. 

TO 

261 

361 

BY 

2 

2 

/ 

SPAR 

MS 

343 

543 

. 1 

t. 

TO 

345 

54 5 

BY 

2 

2 

/ 

SPAR 

M5 

347 

54 7 

. 1 

2. 

TO 

353 

553 

BY 

2 

2 

/ 

SPAR 

M5 

355 

505 

. 1 

4. 







/ 

SPAR 

M5 

357 

557 

.1 

5. 

TO 

361 

561 

BY 


2 

/ 

SPAR 

M5 

553 

653 

.06 

2. 

TO 

555 

655 

BY 

2 

2 

/ 

SPAR 

M5 

556 

65. 

.03 

2. 

TO 

562 

662 




/ 

SPAR 

M5 

657 

757 

.03 

1 . 

TO 

662 

762 




/ 

*/ 

MING 

RIBS / 











SPAR 

M5 

445 

44 7 

.17 

2. 

TO 

453 

455 

BY 

2 

2 

/ 

SPAR 

MS 

341 

343 

.10 

1.5 

TO 

361 

363 

BY 

2 

2 

/ 

SPAR 

M5 

551 

R53 

.10 

2. 

TO 

553 

555 

BY 

2 

2 

/■ 

SPAR 

M5 

555 

556 

.10 

2. 

TO 

56? 

56 3 




/ 

SPAR 

M5 

656 

657 

. "6 

1. 

TO 

662 

663 




/ 

SPAR 

MS 

760 

76 1 

.15 

.7 

TO 

76? 

763 




/ 


*/ 

MING COVERS 

/ 
















COVER 


M5 

229 

329 

227 


.03 












/ 

COVER 


r 

229 

329 

331 

231 

.03 




TO 

241 

341 

343 

243 

BY 

2 

*•3 

/ 

COVER 



243 

343 

44 5 

245 

.03 












/ 

COVER 


M 5 

445 

345 

343 


.03 












/ 

COVER 

M5 

245 

i 247 447 

445 

.06 

.0 

TO 

253 

255 455 453 BY 

2 3 


/ 


COVER 


M5 

445 

345 

347 

44 7 

.03 




TO 

453 

353 

355 

455 

BY 

2 

•-3 

/ 

COVER 


M5 

255 

455 

357 

257 

.05 

.07 











/ 

COVER 


M5 

455 

355 

357 


.05 

.07 











/ 

COVER 


M5 

257 

357 

355 

259 

.05 

.07 











/ 

COVER 


M5 

259 

359 

56 l 

261 

.13 

.07 

.11 

.0 

TO 

261 

361 

363 

263 

BY 

2 

*»3 

/ 

COVER 


M5 

343 

543 

341 


.03 












! 

COVER 


M5 

34 3 

543 

545 

345 

.03 




TO 

353 

553 

555 

355 

BY 

2 

*«3 

/ 

COVER 


M5 

355 

555 

557 

357 

.05 

.04 



TO 

357 

557 

559 

359 

BY 

2 

** 3 

/ 

COVER 


M5 

359 

559 

561 

361 

.15 

.07 

.10 

.0 

TO 

361 

561 

563 

363 

BY 

2 

*»3 

/ 

COVER 


M5 

553 

653 

551 


.15 

.07 

.11 

.06 









/ 

COVER 


M5 

553 

653 

655 

555 

.15 

.07 

.11 

.06 









1 

COVER 


M5 

555 

655 

656 

556 

.15 

.07 

.11 

.06 

TC 

562 

662 

6o3 

563 




t 

COVER 


,M5 

657 

757 

656 


.04 












/ 

COVER 


M 5 

657 

75 7 

75 8 

658 

.04 




TO 

662 

762 

763 

663 




/ 

*/ HORIZONTAL 

TAIL 

/ 
















SPAR 

M5 


279 

879 

.05 

.6 

/ 













SPAR 

MS 


879 

9 79 

.05 

.6 

/ 













SPAR 

M5 


281 

881 

.025 

.9 

/ 













SPAR 

MS 


£81 

98 1 

.025 

.9 

/ 













SPAR 

M5 


283 

683 

.025 

.3 

/ 













SPAR 

M5 


883 

983 

.025 

.3 

/ 













SPAR 

*5 


285 

885 

.10 

1.3 

/ 













SPAR 

M 5 


885 

985 

.10 

1.3 

i / 













SPAR 

M5 


879 

88 1 

.05 

.6 

TO 883 885 BY 2 

2 

/ 








SPAR 

M5 


979 

981 

.05 

.6 

TO 983 985 8 Y 2 

2 

f 








COVER 

M5 


279 

879 

83 l 

281 

.08 

f 












*♦2 0 

0 

2 * * 3 

0 . 

/ 
















COVER 

M 5 


879 

9 79 

981 

881 

.035 

/ 













*♦2 0 0 2 *»3 0. / 

•/ MING FIN / 
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SPAR 

M5 


1156 

12*6 .025 .5 TO 1256 1356 

BY ICO ICO / 

SPAR 

M5 


1158 

1258 .025 .5 TO 1258 1358 

3 Y ICO 100 / 

SPAR 

M5 


1161 

1261 .025 .5 TO 1261 1361 

BY 1O0 100 / 

SPAR 

M5 


1163 

1263 .025 .5 TO 1263 1363 

BY 100 100 / 

SPAR 

M5 


1256 

1258 .025 .5 TO 

1356 1358 BY 

103 100 t 

SPAR 

M5 


1258 

1261 .025 .5 TO 

1358 1361 BY 

100 100 / 

SPAR 

M5 


1261 

1263 .025 .5 TO 

1361 1363 BY 

100 100 / 

COVER 

M5 


1156 

1256 1258 1158 .025 

TO 1256 

1356 

1358 1258 


BY 

100 

ICO 100 

ICO / 




COVER 

M5 


1158 

1258 1261 1161 .025 

TO 1258 

1353 

1361 1261 


BY 

100 

100 too 

ICO / 




COVER 

M5 


1161 

1261 1263 1163 .025 

TO 1261 

1361 

1363 1263 


BY 

100 

100 100 

too / 




*/ VERTICAL 

TAIL / 





COVER 

M5 


85 

l J 85 1087 87 .0 

C.C35 

/ 


BEAM 

M5 

85 1085 0.5 

0.1 C.l 50. 50 

. 50. 

/ 


BEAM 

M5 

1085 

1087 0 

.5 3.1 0.1 50. 

50. 50. 

/ 


BEAM 

M5 

87 1087 0.5 

0.1 C.l 50. 50 

. 50. 

/ 



4 / BODY / 

*f STRINGEPS / 

ROD M5 1 3 2.37 TO 23 25 3Y 2 2 / 

*♦2 0 0 100 100 0. 0 ICO 100 C C C / 

*♦1 0 **3 C. 0 4*5 / 

POD M5 25 11 4. to ,3 45 8V 2 2 / 

**2 0 0 100 100 0. 0 ICO IOC 0 C 0 / 

*♦1 0 *«3 0. 0 * = 5 / 

ROD M5 45 47 5.35 TC 67 69 BY 2 2 / 

*♦2 0 0 100 100 0. 0 ICO IOC 0 C 0 / 

*♦1 0 4*3 0. 0 4 = 5 / 

ROD M 5 69 71 4. TO 75 77 BY 2 2 / 

♦♦2 0 0 100 100 0. 0 ICO IOC 0 C 0 / 

•♦l 0 4 = 3 C. 0 * = 5 / 

ROD M5 77 79 2.37 TO 87 89 BY 2 2 / 


*♦2 0 0 

' IOC 

ion c 

. 0 

ICO 

100 

0 0 

0 / 







*n o *=3 c. 

0 » - 5 / 











SPLATE 

M5 

1 

3 

2C3 

201 

.''4 

TO 

25 27 227 225 BY 

2 **3 / 

SPL ATE 

M5 

201 

2C3 

103 

101 

.04 

TO 

225 

227 

127 

125 

** / 


SPLATE 

M 5 

27 

29 

229 

22 7 

.06 

TO 

43 

45 

245 

243 

*♦ 

/ 

SPLATE 

M5 

227 

229 

129 

127 

.06 

TO 

243 

245 

145 

143 

** / 


SPLATE 

M5 

45 

47 

247 

245 

.08 

TO 

67 

69 

269 

267 

** 

/ 

SPLATE 

M 5 

245 

247 

147 

145 

.08 

TO 

267 

269 

169 

167 

** 

! 

SPLATE 

M5 

69 

71 

271 

269 

.06 

TO 

75 

77 

277 

275 

** 

/ 

SPLATE 

M5 

269 

271 

171 

169 

.06 

TO 

275 

277 

177 

175 

** 

/ 

SPLATE 

M 5 

77 

79 

2 79 

277 

.04 

TO 

e7 

89 

289 

287 

♦ * 

/ 

SPLATE 

M5 

277 

279 

179 

177 

.04 

TO 

287 

285 

189 

187 

** 

/ 


*/ BODY FRAMES / 


BEAM 

M5 

1 201 

3. 

0. 0. 

50. 50. 

50. 

TO 

27 

227 

BY 

2 

2 

/ 

*♦1 0 

0 

100 0 0. 

* = 5 

0 IOC 

0 * =3 

/ 








BEAM 

M5 

29 229 

4.5 

0. 0. 

50. 50. 

50. 

TO 

45 

245 

BY 

2 

2 

/ 

*♦1 0 

0 

100 0 0. 

* = 5 

0 100 

C 4*3 

/ 








BEAM 

M5 

47 247 

6. 

0. 0. 

50. 50. 

50. 

TO 

69 

269 

BY 

2 

2 

/ 

*♦1 0 

0 

100 0 0. 

* = 5 

0 100 

0 4 = 3 

/ 








SEAM 

M5 

71 271 

4.5 

0. c. 

50. 50. 

50. 

ro 

77 

277 

BY 

2 

2 

/ 

*+l 0 

0 

100 0 0. 

* = 5 

0 IOC 

C * =3 

/ 








BEAM 

M5 

79 279 

3. 

0. 0. 

50. 50. 

50. 

TO 

89 

289 

BY 

2 

2 

/ 


*♦1 0 

0 100 0 

o 

« 

♦ 

II 

5 0 

no c 4 = 3 / 



BEAM 

9 

209 

14.0 

0. 

0. 75. 75. 75. 

/ 


*♦1 0 

100 

0 o. 

*»5 

/ 




BEAM 

27 

227 

14.0 

0. 

0. 75. 75. 75. 

/ 


**•1 0 

too 

C 0. 

4*5 

/ 




BEAM 

45 

245 

62. 

0. 

0. 450. 450. 

450. 

t 

*♦1 0 

100 

C 0. 

*= 5 

/ 




BEAM 

55 

255 

62. 

0. 

0. 450. 450. 

450. 

/ 

*♦1 0 

100 

0 0. 

4*5 

/ 




BEAM 

63 

263 

62. 

0. 

0. 450. 450. 

450. 

r 

♦ +1 0 

ICO 

0 0. 

♦ *5 

/ 




BEAM 

79 

279 

14. 

0. 

0. 75. 75. 75. 

/ 


*♦1 0 

ICO 

C 0. 

4*5 

/ 




BEAM 

85 

285 

14. 

0. 

3. 75. 75. 75. 

4 


*♦1 0 

100 

0 0. 

*«5 

/ 
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•/ ATTACHMENT OF WING FIN / 


SEAM 

Z 5 656 1156 

663 1.0. C. 

.1 

.1.1 

/ 


BEAM 

Z 5 o58 1158 

563 1. 0. C. 

.1 

.1 .1 

/ 


BEAM 

Z 5 661 1161 

663 l. 0. C. 

.1 

.1 .1 

/ 


BEAM 

Z5 663 1163 

661 1. 0. C. 

. 1 

.1 .] 

/ 


BEAM 

Z 5 656 658 

10. 0. 0. 

100. 

100. 

too. 

/ 

BEAM 

Z 5 658 661 

10. 0. 0. 

100. 

10P. 

100. 

/ 

BEAM 

25 661 663 

10. 0 . o. 

100. 

MO. 

100. 

/ 


BEAM Z 5 89 289 0- 0. 0. 1COOO. *'2 / 

BEAM Z5 189 289 ** / 

END ELEMENT DATA / 

END STIFFNESS DATA / 

BEGIN BC DATA / 


•/OF DEB BODY. FIN* WING-FIN, WING HORIZONTAL TAIL / 

STAGE 1 / 

RETAIN TZ FOR 3 9 15 23 31 39 45 53 61 67 75 83 87 85 103C 1087 / 

RETAIN TZ TY FOP 1156 1356 1353 115° 1161 1361 1363 1163 / 

RETAIN TZ FOR 223 331 231 337 237 245 355 255 363 263 
267 543 345 551 349 555 563 656 659 663 

763 761 763 359 559 o6l 762 279 979 981 

281 283 983 985 285 / 

Support rx rz ry for 89 / 

SUPPORT ASYM IN SURFACE 2 THROUGH 1 / 

STAGE 2 / 

RETAIN TY TZ FOR 3 9 1 5 23 31 39 45 53 61 67 75 83 87 / 

RETAIN TZ TY FOR 85 1085 IC87 t 

RETAIN TZ Ty hur u56 1356 1359 1158 1161 1361 1363 1163 / 

RETAIN T z FOR 223 331 231 337 237 245 355 255 363 263 
267 543 345 551 349 555 563 656 659 663 

76C 761 763 359 559 661 762 2 79 979 981 

281 283 983 985 285 t 

SUPPORT TX TY TZ RX RY RZ FOR 89 / 

SUPPORT SYMM IN SURFACE 2 THROUGH l / 

END t)C OATA / 

BEGIN MASS DATA / 

BEGIN CONDITION DATA / 

STAGE 1 CONOITION l 0 0 l > 

END CONOITION DATA / 

BEGIN MASS ELEMFNT DATA / 


PLATF 

F2 

8-1 

6001 

6002 

6022 


3495. 

PLATE 

F2 

8-2 

6002 

6003 

6023 

6022 

5955. 

PLATE 

*2 

6-3 

60 03 

6004 

6024 

o023 

2589. 

PLATE 

F2 

8-4 

60 04 

6005 

6025 

6024 

3441'. 

PLATE 

F2 

6-5 

6005 

6006 

6026 

u025 

5420. 

PLATF 

F2 

e-6 

6006 

6007 

602 7 

6026 

32C0. 

PLATE 

F2 

6-7 

6007 

6008 

6028 

602 7 

33C6. 

PLATE 

F2 

8-8 

S0C8 

6009 

6029 

6028 

4346. 

PLATE 

F 2 

8-9 

6009 

6010 

6030 

6029 

4507. 

PLATE 

F 2 

8-10 

6010 

6C1 l 

6031 

6030 

4486. 

PLATE 

F2 

8-U 

8011 

6012 

60 32 

6031 

3619. 

PLATE 

F 2 

8-12 

6012 

6013 

6033 

6032 

4730. 

PLATE 

F2 

B-13 

6013 

6C14 

6034 

6033 

3982. 

Pi ATE 

F 2 

B-I4 

60 14 

6015 

6035 

6034 

94 7. 

PLATE 

F2 

8-15 

6015 

6016 

6036 

6035 

1768. 

PLATE 

F2 

W-t 

6100 

6 1 0 1 

6121 

6120 

768. 

PLATE 

F2 

W-2 

6101 

6102 

6122 

6121 

1151, 

PLATE 

F 2 

W-3 

6102 

6103 

6123 

6122 

1667. 

PLATE 

F2 

W-4 

6103 

61C4 

6124 

6123 

1112. 

PLATE 

F2 

W-5 

6104 

6105 

6125 

6124 

1190. 

PLATE 

F2 

W-6 

6105 

6106 

6126 

6125 

1659. 

PLATE 

F2 

W- 7 

6106 

6107 

6127 

6126 

1988. 

PLATE 

F2 

W-6 

6107 

61C8 

6128 

6127 

2467. 

PLATE 

F2 

W-9 

6108 

6109 

6129 

6128 

1335. 

PLATE 

F2 

W- 10 

6109 

6110 

6130 

6129 

338. 

PLATE 

F 2 

w-ll 

6120 

6121 

6141 

6140 

795. 

PLATE 

F 2 

W-12 

6121 

6122 

6142 

6141 

1415. 

PLATE 

F2 

W-13 

6122 

6123 

6143 

6l' 

• 813. 

PLATE 

F2 

W- 14 

6123 

6124 

6144 

61*13 

1259. 

PLATE 

F2 

W- 1 5 

6124 

6125 

6145 

6144 

1248. 

PLATE 

F 2 

W-16 

6125 

6126 

61 46 

6145 

1720. 

PLATE 

F2 

W-17 

6126 

6127 

6147 

6146 

1494. 

PLATE 

F2 

W-18 

6127 

6128 

6148 

6147 

188 8. 

PLATE 

F2 

W- 19 

6128 

6129 

6149 

6148 

498. 


/ 

/ 

/ 

/ 

* 

f 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

t 

/ 

/ 

/ 
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plate 

F2 

W-20 

6129 

6130 

61 SO 

6149 

126. 

/ 

PLATE 

F2 

M-21 

6160 

6141 

6161 

6160 

508. 

/ 

PLATE 

f 2 

W-22 

6141 

6142 

6162 

6161 

1279. 

/ 

PLATE 

F2 

«-23 

6142 

6143 

6163 

6162 

536. 

/ 

PLATE 

f 2 

W-24 

6143 

6144 

6164 

6163 

532. 

/ 

PI ATE 

F 2 

1.-25 

6144 

6145 

6165 

6164 

55°. 

/ 

PLATE 

F2 

W-26 

61 45 

6146 

6166 

6169 

1 0S5. 

/ 

PLATE 

E2 

W-2? 

6146 

6147 

6167 

6166 

1405. 

/ 

PLATE 

F2 

W-28 

6147 

6148 

6166 

olo7 

1953. 

/ 

PLATE 

F2 

W-29 

6148 

6149 

6169 

6168 

274. 

t 

PLATE 

F2 

rf-30 

6149 

6150 

61 7C 

6169 

172. 

f 

plate 

F 2 

W-il 

6180 

6191 

6201 

6200 

614. 

/ 

PLATE 

F2 

W-32 

6131 

6182 

6202 

6231 

1296. 

/ 

PLA T E 

F 2 

1.-33 

6182 

6183 

6233 

6202 

562. 

/ 

PLATE 

F2 

W-34 

6183 

6194 

6204 

6203 

786. 

/ 

PLATE 

F2 

W-35 

6184 

6185 

6205 

6204 

1386. 

/ 

PLATE 

F2 

W-36 

6185 

6186 

6206 

6205 

1849. 

/ 

PLATE 

F2 

W-37 

6186 

6187 

6207 

6206 

1649. 

l 

PLATE 

F2 

W-38 

6187 

6198 

6208 

6207 

421. 

/ 

PLATE 

F2 

W- 39 

6188 

6199 

6209 

6208 

255. 

/ 

PLATE 

F2 

4-40 

6200 

6201 

6221 

6220 

207. 

/ 

PLATE 

F2 

W-41 

6201 

6202 

6222 

6221 

497. 

/ 

PLATE 

F2 

W-42 

6202 

6203 

6223 

6222 

692. 

/ 

PLATE 

F2 

W-43 

6203 

6234 

6224 

6223 

765. 

/ 

PLATE 

F2 

W-44 

62 04 

6205 

6225 

6224 

616. 

/ 

PLATE 

F2 

. - 4:, 

6205 

6206 

6226 

6225 

843. 

/ 

PLATE 

F2 

4-46 

6206 

6207 

6227 

6226 

697. 

/ 

PLATE 

F2 

W-47 

62 07 

6208 

6228 

6227 

136. 

/ 

PLATE 

F 2 

W-4E 

6208 

6209 

62 29 

6228 

94. 

/ 

PLATE 

F2 

4 --*9 

62 20 

6221 

6241 

624C 

136. 

r 

PLATE 

F2 

4—50 

6221 

6222 

6242 

6241 

522. 

/ 

PLATE 

F2 

4-51 

6 2 22 

6223 

6243 

6242 

516. 

/ 

PLATE 

F2 

W - t '2 

6223 

6224 

6244 

6243 

536. 

/ 

PLATE 

F2 

4—53 

6224 

6225 

6245 

6244 

555. 

/ 

PLATE 

F2 

4-54 

6225 

6226 

62 4o 

62*5 

580. 

/ 

PLATE 

F2 

W-55 

6226 

6227 

t>247 

6246 

704. 

/ 

PLATE 

F2 

4-56 

6227 

622° 

6248 

6247 

119. 

/ 

PLATE 

F2 

W-57 

62 28 

6 22° 

6249 

6248 

91. 

/ 

PLATE 

F 2 

4-53 

6260 

6261 

6281 

6230 

289. 

/ 

PLATE 

F 2 

«-59 

62 6 1 

6262 

6282 

6201 

306. 

/ 

PLATE 

F 2 

4-60 

6262 

6263 

62 83 

6282 

246. 

/ 

PLATE 

F2 

4-t>l 

6263 

6264 

6284 

6283 

507. 

/ 

PLATE 

F2 

4-62 

62 64 

6265 

6285 

6294 

116. 

/ 

PLATE 

F2 

4-6 3 

626 

6266 

62 86 

6285 

76. 

/ 

PLATE 

F2 

W-64 

62 80 

6281 

6301 

6330 

216. 

/ 

P TE 

F2 

4-65 

6281 

6282 

6302 

6301 

144. 

/ 

PLATE 

F2 

4—06 

6282 

6283 

6303 

630? 

245. 

/ 

PLATE 

F2 

4-o7 

6283 

6284 

6304 

6303 

365. 

/ 

PLATE 

F2 

4-08 

6284 

6285 

6305 

63 C4 

66. 

/ 

PLATE 

F2 

4-6 9 

6285 

6236 

6306 

6305 

71. 

/ 

PLATE 

F2 

4— 70 

6300 

6301 

6321 

632C 

184* 

/ 

PLATE 

F2 

4-71 

6301 

6302 

6322 

6321 

160. 

/ 

PLATE 

F2 

4- 72 

6 302 

6 303 

6323 

6322 

126. 

/ 

PLATE 

F2 

4-73 

6303 

6304 

6324 

6323 

273. 

/ 

PLATE 

F2 

4-74 

6304 

6305 

6325 

6324 

66. 

/ 

PLATE 

F2 

W— 75 

6305 

6306 

6326 

6325 

66. 

/ 

PLATE 

F2 

riT-l 

6400 

6401 

6411 

6*10 

283. 

/ 

PLATE 

F2 

HT-2 

6401 

6402 

6412 

6411 

212. 

/ 

PLATE 

F2 

HT-3 

6402 

6403 

6413 

6412 

522. 

/ 

PLATES REPRESENTING 

F'JEL 





/ 

PLATE 

F2 

F-l 

6102 

6103 

6123 

6122 

12 9.6 

/ 

PLATE 

F2 

F-2 

6103 

6104 

6124 

6123 

8637.2 

/ 

PLATE 

F2 

F-3 

6104 

6105 

6125 

6124 

12852.9 

/ 

PLATE 

F2 

F-4 

6106 

6107 

6127 

6126 

5531.1 

/ 

PLATE 

F 2 

F-5 

6107 

6108 

6128 

6127 

6919.3 

/ 

PLATE 

F2 

F-6 

61C8 

6109 

6129 

6128 

107.1 

t 

PLATE 

F2 

F-7 

6124 

6125 

6145 

6144 

442.8 

r 

PLATE 

F2 

F — 8 

6125 

6126 

6146 

6145 

5450.7 

/ 

PLATE 

F 2 

F-o 

6126 

6127 

6147 

6146 

6537.8 

/ 

PLATE 

F 2 

F - 10 

6125 

6120 

6149 

6148 

2604.5 

/ 

PLATE 

F2 

F-ll 

0126 

6130 

6150 

6149 

4011.2 

/ 

PLATE 

F2 

F-12 

6140 

6141 

6161 

6160 

762. C 

/ 

PLATE 

F2 

F-l 3 

6144 

6145 

6165 

6lo4 

.23.9 

/ 
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PLATE 

F2 

F- 16 

6165 

6146 

6166 

6165 

2470.2 

/ 

PLATE 

F2 

F-15 

6167 

6148 

6168 

6167 

1825.8 

t 

PLATE 

F2 

F-16 

6148 

6149 

6169 

6lo8 

4994. 1 

/ 

PLATE 

F2 

F- 17 

6149 

6150 

61 70 

6169 

2341.4 

/ 

PLATE 

F2 

F-18 

6180 

6181 

6201 

6200 

3598.6 

/ 

PLATE 

F2 

F“ 19 

6184 

6185 

6205 

6204 

268. 5 

/ 

PLATE 

F2 

F-20 

6185 

6186 

6206 

6205 

1691.6 

/ 

PLATE 

F2 

F-21 

6186 

6187 

62C7 

6206 

3248.9 

7 

PLATE 

F2 

F-22 

6187 

6188 

6208 

6207 

2531.0 

7 

PLATE 

F2 

F-23 

6188 

6189 

62 39 

6208 

4235.0 

7 

PLATE 

F2 

F-24 

6200 

6201 

6221 

6220 

775.4 

7 

PLATE 

F2 

F-25 

6204 

6205 

6225 

6224 

457.0 

7 

PLATE 

F2 

F-26 

6205 

6206 

6226 

6225 

1190.8 

7 

PLATE 

F2 

F-27 

6206 

6207 

6227 

6226 

1393.2 

7 

PLATE 

F2 

F— 28 

6207 

6206 

6228 

6227 

1501.2 

7 

PLATE 

F2 

F-29 

62 C8 

6209 

6229 

6228 

1555.2 

7 

PLATE 

F2 

P-30 

6220 

6221 

6241 

6240 

140.4 

7 

PLATE 

F2 

F-31 

6224 

6225 

6245 

6244 

54.0 

7 

PLATE 

F2 

F-32 

6225 

6226 

6246 

6245 

442.8 

7 

PLATE 

F2 

F-33 

6226 

622 7 

6247 

6246 

658.8 

7 

PLATE 

F2 

F— 36 

6227 

6228 

6248 

6247 

648.0 

7 

PLATE 

F2 

F-35 

0229 

6229 

6249 

6248 

503.2 

7 


•/ PLATES REPRESENTING PAVLUAO 


END MASS ELEMENT DATA / 

BEGIN CONCENTRATED NASS OATA 1 


1156 

125. 

7 

1356 

ICO. 

7 

1358 

100. 

7 

1158 

125. 

7 

1161 

125. 

7 

1361 

IOC. 

7 

1363 

100. 

/ 

1163 

125. 

/ 

85 

150. 

7 

87 

150. 

r 

1085 

150. 

/ 

1387 

150. 

7 


ENO CONCENTRATED MASS CATA l 
BEGIN LUMPING DATA / 

LUMP MASS SUBSETS l AT NODE SUBSET 1 
*♦2 00 010 0 0 I 

ENO LUMPING DATA / 

BEGIN FACTOR OATA 

MASS FACTOR 32.17 / 

EXCLUDE STIFFNESS ELEMENTS 
ENO FACTOR OATA 
ENO MASS OATA / 

BEGIN SUBSET DEFINITION 7 
SUBSETS OF NODAL SET 1 / 

Nl * 3 TO 87 / 

N2 « 223 TO 267 331 TO 763 / 

N3 * 279 281 283 295 979 981 983 935 
N5 » ALL / 

N6 * 6000 TO 6699 / 

EXCLUDE N6 FROM N5 / 

NIO * 6000 TO 6099 / 

Nil * 6100 TO 6399 / 

N12 » 6600 TO 6699 / 

SUBSETS OF STIFFNESS SET 1 / 

El ■ ALL / 


PLATE 

F2 

P-l 

6002 

6C03 

6023 

6C22 

680. 

7 

. • 

PLATE 

F2 

P-2 

6003 

6C94 

6024 

6023 

2295. 

7 


PLATE 

F2 

P-3 

6004 

6005 

6025 

6024 

3585. 

t 


PLATE 

F2 

P-4 

6005 

6006 

6026 

6025 

2203. 

/ 


PLATE 

F2 

P-5 

6C06 

6307 

6027 

6026 

33«>0. 

/ 


PLATE 

F2 

P-6 

6007 

6008 

6028 

6027 

34 75. 

7 


PLATE 

F2 

P-7 

63C8 

6009 

6029 

6028 

2965. 

/ 

- 

PLATE 

F2 

P-8 

6009 

6C1C 

6330 

6029 

2040. 

/ 


PLATE 

F2 

P-O 

60 10 

6DH 

6331 

603C 

2125. 

/ 


PLATE 

F2 

P-10 

oD 11 

6012 

6032 

6031 

2125. 

/ 


PLATE 

F2 

P-11 

6C12 

6013 

6033 

6032 

1190. 

/ 
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SUBSETS OF MASS SET 1 / 

El • IN N 10 / 

62 - IN Nil / 

El ■ IN N12 / 

EA « ALL 

ENO SUBSET OEF INI T ION / 

ENO PROBLEM DATA / 

BEGIN SLENDER BODY DATA / 

0. 0. I l 1 13 1 2 V 

ENO OAT A / 


BEGIN VERTICAL THIN BODY DATA / 


0. 

0. 

0. 

1.570796 

IA 

IA 

1 

3 

BEGIN 

PANEL 

DEFINITION 

OATA 

/ 




1 

2 

■* 

2 

3 

-» 

A 

0 

0 

/ 

END OATA / 








BEGIN 

VERTICAL THIN BODY OATA / 




3. 

59 A. 

0. 

1.57C7S6 

17 

17 

0 

8 

BEGIN 

PANEL 

DEFINITION 

DATA 

/ 




5 

3 

6 

3 

7 

3 

8 

3 

/ 

A 

3 

3 

3 

6 

3 

5 

3 

/ 

1 

3 

2 

3 

3 

3 

A 

3 

/ 

ENO OATA / 








BEGIN 

MOP I20NTAL 

THIN 

BODY i 

OATA 

/ 



0. 

0. 

0. 

c. 

33 

33 

0 

?T 

ID 

BEGIN 

PANEL 

definition 

DA TA 

/ 




l 

A 

2 

4 

3 

A 

0 

0 

/ 

3 

A 

<. 

4 

A 

A 

5 

A 

/ 

5 

A 

A 

4 

13 

A 

o 

A 

/ 

6 

A 

13 

4 

15 

A 

3 

«• 

/ 

8 

A 

15 

4 

7 

A 

0 

0 

/ 

8 

A 

7 

4 

2A 

A 

0 

0 

! 

a 

A 

2A 

4 

9 

A 

10 

A 

/ 

10 

A 

o 

4 

11 

A 

0 

0 

/ 

A 

A 

12 

4 

13 

A 

9 

0 

/ 

13 

A 

12 

4 

1A 

A 

15 

A 

/ 

IS 

A 

IA 

4 

10 

A 

7 


/ 

7 

A 

16 

4 

25 

A 

2A 

A 

/ 

2A 

A 

25 

4 

1 T 

A 

Q 

A 

/ 

l A 

A 

18 

4 

19 

A 

16 

A 

/ 

16 

A 

19 

4 

26 

A 

25 

A 

/ 

25 

A 

26 

4 

20 

A 

17 

A 

/ 

13 

A 

21 

4 

22 

A 

1 9 

A 

/ 

19 

A 

22 

4 

N 

A. • 

A 

26 

A 

/ 

26 

A 

27 

4 

23 

A 

20 

A 

/ 

e.NO OATA / 








BEGIN 

HUB IZPNT4L 

T«IN 

BUD Y 

DATA 

/ 



0. 

0. 

0. 

0. 

60 

60 

0 

3 

3 

BEGIN 

PANEL 

DEFINITION 

04 T4 

/ 




1 

■> 

2 

5 

3 

5 

A 

5 

/ 

A 

S 

3 

5 

o 

■> 

5 

5 

/ 

5 

5 

6 

5 

7 

5 

8 

5 

/ 


ENO OATA / 

ENO FLEXSTAB OATA / 


2 

l IA 2 V 

3 17 2 V 

33 l l 


60 1 t 


l 


l 


/ 


/ 


/ 


I 


I 
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fiftdnnnnnnnnp 


BEGIN CONTROL MATRIX PROGRAM Of MOOfc 

PROBLEM 101 DEM036 - FLEXSTAB-TO-ATLAS INTERFACE. VAMAT/VAMSCN) 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS 

OECK ARE 

1. FLEXSTA8-T0-AUAS INTERFACE 

2 . SHEAR. MOMENT AND TCRSICN CALCULATION VIA 

VAMAT 

3. SUMMARY OF CRITICAL LCAOS USING VAMSCN 

AUTHOR F. P. GRAY 

CORE 130K (OCTAL) 

DIMENSION FETI 3001 . FETII S50) «FE T2 ISSOI .FET3 (SSO) .FET4I550) 

CALL FILEAODIFET.OATARNF) 

CALL FETAOOISAVESSF.FETI.SSO.I.C.tRR! 

CALL STREFIL 

PRINT NATRIXIDATARNF.O******) 

READ INPUT 
PERFORM R-STRESS 
PRINT OUTPUT(LOAOS) 

PRINT OUTPUT! STRESSES) 

PRINT OUTPUT! DISPLACE I 
EXECUTE MASS 

PRINT OUTPUT !MASS,MOC=MDC*»**, SUMMARY) 

CALL FILEAOOIFET.DATARNF.MASSRNFI 
CALL FET ADO I SAVCSSF .FETI. SSO. 1 .0. IRR) 

CALL FET ADD! SAVE SSI .FET2. 550. I.O.tRR) 

CALL FET AOOI SCOOSSF ,F ET 3.550. 1 . 0. I RR) 

CALL FET AOOI SC 0 1 SSF. FETA, 550. 1 .0. IRR) 

CALL VAHAT 
CALL VAMSCN 
ENO 
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•/ HOPE 2 / 
BEGIN NODAL 

DATA 










l 

20. 

0. 

U 

TO 

9 

36C 

0. 


65. 

av 

2 

10 i 

20. 

0. 

-1. 

TO 

109 

360. 

c. 

* 

65. 

8Y 

2 

201 

20. 

1. 

0. 

TO 

209 

360. 

65. 


0. 

3V 

2 

11 

620. 

0. 

65. 

TO 

83 

3300. 

0. 


65. 

8V 

2 

111 

620. 

0. 

-65. 

TO 

189 

356C. 

0. 

-65. 

ev 

2 

211 

620. 

65. 

0. 

TO 

225 

980. 

o5. 


C. 

sv 

2 

265 

2580. 

65. 

0. 

TO 

277 

3060. 

65. 


0. 

8V 

2 

297 

3660. 

65. 

0. 

TO 

289 

3560. 

65. 


0. 

av 

2 

•/ 

WING COORDINATES 









227 

1060. 

65. 

0. 26.25 

TO 

265 

1780. 

65. 

0. 

36.15 

av 

2 

245 




TO 

255 

2180. 

65. 

0. 

28.8 

8V 

2 

255 




TO 

263 

2500. 

65. 

0. 

12.0 

3V 

2 

327 

1060. 

65. 

0. 26.25 

TO 

261 

1620. 

265. 

0. 

8.85 

9V 

2 

6*5 

1780. 

195. 

0. 22.65 

TO 

655 

2180. 

195. 

0. 

20.15 

9V 

j 

561 

Io20. 

265. 

0. 8.85 

TO 

551 

2205. 

655. 

0. 

5.75 

ev 

2 

651 

2205. 

655. 

C. 5.75 

TO 

656 

256 5. 

596. 

0. 

3.2 



756 

2565. 

596. 

0. 3.2 

TO 

760 

2875. 

765. 

0. 

.95 



760 




TO 

763 

2995. 

7o5. 

0. 

1.85 



361 




TO 

355 

2190. 

255. 

0. 

20.15 

ev 

2 

355 




TO 

363 

25 C. 

265. 

0. 

1 1.25 

8V 

2 

551 




TO 

559 

2525. 

665. 

9. 

lC.i) 



559 




TO 

563 

2635. 

655. 

0. 

5.': 



656 




TO 

659 

26o 5. 

596. 

0. 

6.85 



6 39 




TP 

663 

2825. 

59*. 

0. 

2.65 



«/ 

HORIZONTAL tA 

IL 









27*’ 

3160. 65 

. 0. 

1.8C 









779 

3160. 65 

. 0. 

C 

f 1 ** 

o 

o 

«r> 

« 

»*«• 

3365. 

200. 0 

. 1.25 

ev 

10P 



281 

3220. 65 

. 0. 

6.25 









Tdl 

3220. 65 

. 0. 

6.25 TO 931 

3388. 

200. 0 

. 1.75 

sv 

ICO 



283 

3300. 65 

. 0. 

6.55 









783 

3300. 65 

. 0. 

6.55 TO 583 

3612. 

200. 0 

. 1.30 

BY 

ICO 



235 

3380. 65 

. 0. 

1.60 









785 

3380. 65 

. 0. 

1.6C TO 535 

36 35. 

200. 0 

. .80 

8 V 

100 



•/ 

VERTICAL 

TAIL 










REC 

REC1 0. 

0. 0 

. 1 . 0 . 0. 

0. 

-1. 0. 







95 3330. 65. 

0. 

3.25 









37 3660. 65. 

0. 

2.60 









1085 

3660. 160. C 

. 1. 50 









1C87 

3500. 160. C 

. 1. S3 









*/ 

WING FIN 










llbo 

2565. . 

1 -596. 2.6C TO 

1356 2838 

. IOC. 

-596. 1 

.80 

9Y 100 



1153 

2625. . 

l — 5°6. 2.6C Tn 

1358 2962 

. 100. 

-596. 1 

. 9C 

9Y no 



116 1 

2765. . 

1 -596. 2.9J TO 

1361 2859 

. 1 JO. 

-596. 1 

.95 

8Y 100 



116 3 

2825. . 

l -596. 2. SO TO 

1363 2370 

. ICO. 

-596. 2 

.05 

3Y 100 



RESUME GLOBA 

L 










89 

3563. 

0. 

65. 









♦ / 

A I RL it AO PANEL NOCE 5 









•/ 

80 OY 












5100 

0. 

0. 0 


TO 51 12 3566. 0. 


. 




5251 

0. 

26.1379 C 










5252 

297. 

26.1279 C 










5253 

20 7. 

03.5215 C 










5256 

596. 

63.5215 C 










5202 

596. 

65. 1 C 


TO 5212 3566. 65. 

1 r 

. 



•/ 

WING 

5600 

761. 

65. 1 

0 

TO 

5605 

2715. 


65.1 

0. 



5610 

1017. 

7530 166.6 

0 

TO 

5615 

2 705 . 996 5 

166.6 

0. 



5620 

1296. 

1665 228. 

0 

TO 

5625 

2697. 


228. 

0. 



5633 

1677. 

8856 361. 

p 

TO 

5635 

2 722 . 88 5 5 

361. 

0. 



5660 

2065. 

655. 

0 

TO 

5665 

2 769. 


655. 

0. 



5653 

2687. 

596. 


TO 

5655 

2876.059 

596. 

3. 



5660 

2639. 

67 69o. 

0 

TO 

5665 

2965.8239 

696. 

0. 



5670 

2886. 

796. 

0 

TO 

5675 

3056. 


7«6. 

0. 


•/ 

HOR TAIL 











5500 

3126. 

65. 1 

0 

TO 

5502 

3617. 


65.1 

0. 



5510 

3255. 

0806 166.6 

0 

TO 

5512 

36*0.5166 

166.6 

0. 



5520 

3386. 

228. 

0 

TO 

5522 

3666. 


228. 

0. 


•/ 

VERT WING FIN 










5313 

2687. 

596. 0. 

TO 

5315 

2880 

. 596. 

136. 




5316 

2680. 

5 596. 0. 

TP 5318 291 C. 596. 

136. 




5319 

2876. 

059 596. 

0. 

TO 5321 2960. 596. 

136. 




301.11 







•/ 

HEIGHT 

PANELS 

- 800V 








6001 

0. 0. 

0. TO 6016 

3564. 

C. 0. 






6021 

0. 65. 

0. TO 6036 

3564. 

65. 0. 





*/ 

ME I6HT 

PANELS 

- HING 








6100 

741.0 

65.0 C. TO 

6220 

2407.0 

594.0 

0. 

8V 

20 


6100 


TO 

626C 

2487.0 

594.0 

9. 

av 

80 


6180 


TO 

6240 

2487.0 

594.0 

0. 

ev 

20 


6260 


TO 

6323 

2884.0 

794.0 

0. 

av 

20 


6110 

2715.0 

65." 0. TO 

6170 

2715.0 

329.5 

0. 

BV 

20 


6189 

2715.0 

325.5 0. TO 

6249 

2874.0 

594.0 

0. 

BV 

20 


6266 

2874.0 

594.0 C. TO 

6326 

3054.0 

794.0 

A 
• • 

3V 

20 


A 100 TO AilO j 

•♦3 20 0 20 i 

6180 TO 6184 !' 

*♦3 20 0 20 I-' 

6260 TO 6266 
•♦3 20 0 20 

•/ HEIGHT PANELS - HOP TAIL 

6400 3124. 6S.1 0. TO 6403 3417. 65.1 0. 

6410 3386. 229.0 0. TO 6413 3464. 228.0 0. 

•/ HEIGHT PANELS - VEPT FIN 

6501 3374.6 0. 42.8 

6502 3472. 0. 92.3 

6503 3458.7 0. 149.8 

6504 3514.6 0. 149.8 

«/ HEIGHT PANELS - KING VER T FIN 

6601 2487. 594. 0. TO 6603 2880. 594. 134. 

6604 2874.050 594. 0. TO 6606 2940. 594. 134. 

ENO NODAL CAT A 
BEGIN STIFFNESS DATA 
BEGIN ELEMENT DATA 
*/ HING SPAPS 


SPAR 

M5 


227 

329 

.06 

1. 







SPAR 

95 

247 

447 

10 2.0 

TO 253 

453 

8V 2 2 





SPAR 

M5 


329 

331 

.06 

1. 

TO 

339 

341 

BV 

2 

2 

SPAR 

95 


341 

543 

.06 

1. 







SPAR 

H5 


543 

545 

.06 

1. 

TO 

549 

551 

BY 

2 

2 

SPAR 

NS 


551 

653 

.06 

1. 







SPAR 

N5 


653 

655 

.06 

1. 







SPAR 

NS 


655 

656 

.06 

1. 







SPAR 

NS 


656 

757 

.06 

1. 







SPAR 

N5 


757 

75 E 

.C6 

1. 

TO 

759 

760 




SPAR 

N5 


267 

36 3 

.20 

6. 







SPAR 

N5 


363 

56 3 

.17 

V. 







SPAR 

N5 


563 

663 

.15 

4. 







SPAR 

N5 


66 7 

763 

.15 

2. 







SPAR 

N5 


22 9 

325 

.1 

1. 

TO 

243 

34 3 

BV 

2 

2 

SPAR 

N5 


245 

445 

.19 

1. 







SPAR 

95 


445 

345 

.18 

1. 







SPAR 

N5 


447 

34 7 

.1 

2. 

TO 

453 

353 

8v 

2 

2 

SPAR 

N5 


255 

455 

.3 

6. 







SPAR 

N5 


455 

353 

.3 

6. 







SPAR 

N5 


257 

357 

.12 

6. 

TC 

261 

361 

BY 

2 

2 

SPAR 

N5 


343 

543 

.1 

1. 

TO 

345 

545 

BY 

2 

2 

SPAR 

HS 


347 

54 7 

.1 

2. 

TO 

353 

55? 

av 

2 

2 

SPAR 

9j 


355 

555 

.1 

4. 







SPAR 

NS 


357 

55 7 

.1 

5. 

TO 

361 

561 

BY 

2 

2 

SPAR 

N5 


553 

653 

.06 

2. 

TO 

555 

655 

BV 

2 

2 

SPAR 

.95 


556 

656 

.03 

2. 

TO 

562 

662 




SPAR 

H5 


057 

757 

.03 

1. 

TO 

66 2 

76 2 




V 

HING 

RIBS 











SPAR 

N5 


445 

44 7 

.17 

2. 

TO 

453 

455 

BY 

2 

2 

SPAR 

MS 


34 1 

343 

.10 

1.5 

TO 

361 

363 

8 V 

2 

2 

SPAR 

M5 


551 

553 

.10 

2. 

TO 

553 

555 

BV 

2 

2 

SPAR 

N5 


555 

556 

.10 

2. 

TO 

5o2 

563 




SPAR 

M5 


656 

657 

.06 

1. 

TO 

662 

663 




SPAR 

M5 


760 

761 

.15 

.7 

TO 

762 

763 





•/ WING COVERS 


COVER 

M5 

229 

329 

22 7 


.03 


COVER 

95 

229 

329 

331 

231 

.03 

TO 241 341 343 243 BY 2 ♦* 3 

COVER 

M5 

24? 

343 

44 5 

245 

.03 


COVER 

N5 

445 

345 

34 3 


.03 



COVER H5 245 247 447 445 .06 .0 TO 253 255 455 453 87 2 9»3 




301.12 





COVER 


NS 

445 

345 

34 7 

447 .03 



TO 

453 

353 

355 

455 

BV 

2 

•»3 

COVER 


M5 

255 

455 

357 

257 .05 .07 











COVER 


M5 

455 

355 

357 

.05 .07 











COVER 


M5 

257 

357 

355 

259 .05 .C7 











COVER 


95 

259 

359 

361 

261 .13 .07 

.11 

.0 

TO 

261 

361 

363 

263 

BY 

2 

•«3 

COVER 


N5 

343 

543 

341 

.03 











COVER 


M5 

343 

543 

545 

345 .03 



TO 

353 

553 

555 

355 

BY 

2 

•* 3 

COVER 


95 

355 

555 

5a7 

357 .05 .04 



TO 

357 

557 

589 

359 

BY 

> 

*» 3 

COVER 


95 

359 

559 

561 

361 .15 .07 

.10 

.0 

tc 

361 

561 

563 

3o3 

BY 

2 

*«3 

COVER 


95 

553 

653 

551 

.15 .07 

.11 

.06 









COVER 


95 

553 

653 

655 

555 .15 .C 7 

.11 

.06 









COVER 


95 

555 

655 

656 

556 .15 .07 

.11 

.06 

TO 

562 

662 

663 

563 




COVER 


95 

657 

757 

656 

.04 











COVER 


-5 

65 7 

757 

75 8 

658 .04 



TO 

662 

7o2 

7o3 

663 




•/ HORIZONTAL 

TAIL 













SPAR 

95 


279 

8 79 

.05 

.6 











SPAR 

M5 


879 

9 79 

.05 

.6 











SPAR 

Mj 


281 

881 

.025 

.9 











SPAR 

95 


881 

981 

.025 

i .9 











SPAR 

95 


28 3 

833 

.025 

.8 











SPAR 

95 


883 

983 

.025 

.8 











SPAR 

95 


285 

885 

.10 

1.3 











SPAR 

MS 


885 

985 

.10 

1.3 











SPAR 

M5 


879 

881 

.05 

.6 TO 883 

885 

BY 2 

2 








SPAR 

H5 


079 

981 

.05 

.6 TO 983 < 

085 

BY 2 

2 








COVER 

M5 


279 

879 

881 

281 .08 











*♦2 0 

0 

2 ** 3 

0 . 














COVER 

M5 


879 

979 

96 l 

681 .035 











•♦2 0 

0 

2 **3 

0 . 















*/ WING FIN 

SPAR 95 1156 1256 .025 .5 TO 1256 1356 8Y 100 100 


SPAR 

.95 


1158 

1258 

.025 

.5 

TO 12 

58 

1358 

BY 1C 

0 ICO 


SPAR 

MS 


1161 

1261 

.025 

.5 

TO 1261 

1361 

BY 100 100 


SPAR 

MS 


1163 

1263 

.025 

.5 

TO 1263 

1363 

6Y 100 ICO 


SPAR 

15 


1256 

1258 

.025 

.5 

TO 

1356 1358 BY 

100 

100 


SPAR 

15 


1253 

1261 

.025 

.5 

TO 

1356 1361 BY 

ICO 

100 


SPAR 

M5 


1261 

1263 

.025 

.5 

TO 

1361 1363 BY 

IOC 

100 


COVER 

M5 


1156 

125b 

1258 

1158 

.025 

TO 

12 56 

1356 

1358 

1258 

♦ 


BY 

100 

100 100 

ICO 










COVER 

M5 


1158 

12 58 

1261 

1 161 

.025 

TO 

1253 

1353 

1361 

1261 

♦ 


BY 

100 

100 100 

ICO 










COVER 

.95 


1 161 

1261 

1263 

1163 

.025 

TO 

1261 

1361 

13b3 

1263 

♦ 


3Y 

ICO 

100 ICO 

ICO 










•/ VERTICAL 

tail 











COVER 

M5 


85 

l C 85 

toe7 

87 

.0 

0.035 






SPAR 95 85 1085 0. 0. .5 .0 .0 

SPAR 95 87 IC87 C. 0. .5 .0 .C 

SPAR .*15 1085 1087 C. 0. .5 .0 .0 
•/ dOOY 

•/ STRINGERS 

ROO 95 1 3 2.37 TO 23 25 BY 2 2 

•♦2 0 0 100 ICO 0. 0 ICO ICC coo 
•♦1 0 • * 3 0. 0 * = 5 

POO M5 25 27 5. TO 53 45 BY 2 2 

•♦2 0 0 100 100 0. C ICO IOC C C 0 
♦♦l 0 *-3 0. 0 *=5 

ROO 95 45 47 5.35 TO 67 69 3V 2 2 

*♦2 0 0 100 100 0. 0 ICC IOC coo 
• ♦1 0 *= 3 C. 0 *- 5 

ROO 95 69 71 4. TO 75 77 BY 2 2 


*♦2 c o ior too c. o 
•♦1 0 * = 3 0. 0 *= 5 

100 

IOC 

C C 

0 


ROO 95 

*7 79 

2.37 

TO 

87 i 

89 BY 2 2 


•♦2 0 0 100 lop c. 0 

*♦1 0 6*3 0. 0 *= 5 

ICO 

IOC 

C 0 

0 


SPLATE 95 

1 3 

203 

201 

.04 

T*. 25 27 227 225 BY 2 •> 

SPLATE 95 

201 2C3 

103 

101 

.94 

TO 225 227 127 

125 »• 

SPLATE 95 

27 29 

229 

22 7 

. 06 

TO 43 45 245 

243 ♦* 

SPLATE 95 

227 229 

129 

127 

. ">6 

TO 241 245 145 

143 •• 

SPLATE M5 

45 47 

247 

245 

.08 

TO 67 69 269 

2o 7 •* 

SPLATE 95 

245 247 

147 

145 

.08 

TO 267 269 169 

167 *• 

SPLATE 95 

69 71 

271 

269 

.06 

TO 75 77 277 

275 ** 



i . 

■S f 


'f 


301.13 


i •. 

\ 

i 

1 

i 


«*- 






- •; 



a 


SPLAT E 

M5 

269 

271 

171 

169 .06 

TO 

275 

277 

177 

175 

6* 

SPLATE 

M5 

77 

79 

2 79 

277 .04 

TO 

87 

89 

289 

287 

6 * 

SPLATE 

M5 

277 

279 

179 

177 .04 

TO 

287 

289 

189 

187 

*4 


4/ BODY FRAMES 


SEAM 

M5 

1 , 

201 3. 3, 

. 3. 

50. 50, 

. 50. 

TO 

*♦1 0 

0 100 0 

0. **5 C 

IOC 

0 *"3 



86AM 

M5 

29 

229 4.5 0 

. 0. 

50. 50 

. 50. 

TO 

•♦l 0 

0 130 0 

0. 4*5 0 

no 

0 4-3 



BEAM 

M5 

47 

247 6. 0 

. 0. 

50. 50 

. 50. 

TO 

*♦1 0 

0 100 0 

0. *«5 C 

100 

0 4-3 



BEAM 

M5 

71 

271 4.5 0 

. c. 

50. 50 

. 50. 

TO 

*♦1 0 

0 IOC 0 

0. *«5 0 

100 

C 4*3 



BEAM 

M5 

79 

279 3. 0 

. 0. 

50. 50 

. 50. 

TO 

•♦1 0 

o iao o 

0. *«5 0 

100 

C 4-3 



BEAM 

9 

209 

14.0 0. 

:. 75. 75. 

75. 


•♦l 0 

100 

0 0 

. *»5 





Bt AM 

27 

227 

14.0 0. 

0. 75. 75. 

75. 


*♦1 0 

100 

C 0 

. *»5 





8EAM 

45 

245 

62. C. 

3. 

450. 450. 450. 

*♦1 0 

100 

0 0 

. **5 





BEAM 

55 

255 

62. 0. 

0. 

450. 450. 450. 

*♦1 0 

100 

0 0 

. * = 5 





BEAM 

63 

263 

62. 0. 

0. 

450. 450. 450. 

*♦1 3 

100 

C 0 

. * = 5 





BEAM 

79 

279 

14. C. 

C. 75 

. 75. 

75. 


**l 0 

100 

3 0 

. • = 5 





BEAM 

85 

285 

14. C. 

3. 75 

. 75. 

75. 


*♦10 

1G0 

0 0 

. *-5 





*/ 

ATTACHMENT OF WING FIN 




BEAM 

25 656 1 

156 663 1 

. 0. 

C. .1 

.1 .1 


BEAM 

25 658 l 

158 663 l 

. 0. 

C. .1 

.1 .1 


BEAM 

25 61 

Jl 1 

161 663 1 

. c. 

C. . 1 

.1 .1 


SEAM , 

25 663 1 

163 661 1 

. 3. 

0. .1 

.1 .1 


BEAM 

25 

656 

658 1C. 

0. 0 

. IOC. 

100. 

100. 

BEAM 

25 

658 

661 10. 

0. 0 

. 13C. 

100. 

IOC, 

BEAM 

25 

661 

663 10. 

0. 0 

. IOC. 

100. 

IOC. 


2 7 22 7 BY 2 2 
♦5 245 BY 2 2 
69 269 BY 2 2 


77 277 BY 2 2 


39 269 BY 2 2 


BEAM 25 89 289 0. 0. C. ICCCC. 4 = 2 
BEAM 25 189 289 ** 

END ELEMENT DATA 
END STIFFNESS DATA 
BEGIN bC DATA 

•/ORCER BODY, FIN, WING-FIN, WING HOR I ZONTAL TAIL 
STAGE 1 

FOR 3 9 15 23 31 39 45 53 61 67 75 83 87 95 1085 1087 
TY FOR 1156 1356 1358 1158 1161 1361 1363 1163 


RETAIN T 2 
RETAIN T2 
RETAIN T 2 


FOR 


SUPPORT T X T Z RY FOR 39 

SUPPORT ASYM IN SURFACE 2 THROUGH 1 

END HC OATA 

BEGIN LOAD OATA 

STAGE l 

READ NODAL LOADS FROM QATAR NF WITH INDEX 3SYMM** 
END LOAO OATA 
BEGIN MASS DATA 
BEGIN CONDITION DATA 

PANEL DATA l CONDITION 1 
ENO CONDITION DATA 
BEGIN MASS ELEMENT DATA 


PLATE 

F2 

8-1 

6001 

6DC2 

6022 


3495 

PLATE 

F2 

8-2 

6002 

6303 

6023 

6322 

5955 

PLATE 

F2 

8-3 

6003 

60C4 

6024 

6023 

2589 

PLATE 

F2 

B-4 

6004 

6005 

6025 

6024 

3460, 

PLATE 

F2 

8-5 

600 5 

60 06 

6026 

6*325 

542C 

PLATE 

F2 

3-6 

6006 

6307 

6027 

6"*26 

32 8C 

PLATE 

F2 

8-7 

6CC7 

60 C8 

6028 

602 7 

3 306 

PLATE 

F2 

8-8 

6008 

69C9 

6C29 

6023 

4346 

PLATE 

F2 

8-9 

6009 

6310 

6030 

6029 

4507 

PLATE 

F2 

8-10 

6013 

6011 

6031 

6330 

44 86 

PLATE 

F2 

B-li 

6011 

6012 

6032 

6031 

3619 

PLATE 

F2 

8-12 

6C12 

6013 

6033 

6032 

4730 


$ 


223 

331 

231 

337 

237 

245 

355 

255 

363 

263 

♦ 


267 

543 

345 

551 

349 

555 

563 

656 

659 

6o3 

♦ 


760 

761 

763 

3 59 

559 

661 

762 

279 

979 

981 

¥ 


281 

2S3 

983 

985 

285 









301.14 





i 

* 


FLATS 

F2 

8-13 

6013 

6014 

6034 

6033 

3902. 

PLATE 

F2 

8-14 

6014 

6C15 

6035 

6034 

947. 

plate 

F2 

8-15 

6015 

6016 

6036 

6035 

1708. 

PLATE 

F2 

VT-1 

6501 

6502 

6504 

6503 

600. 

PLATE 

F2 

W-l 

6103 

61C1 

6121 

6120 

768. 

PLATE 

F2 

W-2 

6101 

612 

6122 

6121 

1151. 

PLATE 

f 2 

W-3 

6102 

6103 

6123 

6122 

1667. 

PLATE 

F2 

W-4 

6103 

6104 

6124 

6123 

1112. 

PLATE 

F2 

w-5 

6104 

6105 

6125 

6124 

1190. 

PLATE 

F2 

W-6 

6105 

6106 

6126 

6125 

1659. 

PLATE 

F2 

W-7 

6106 

6107 

6127 

6126 

1988. 

PLATE 

F2 

W-8 

6107 

6108 

6128 

6127 

2467. 

PLATE 

F2 

W-9 

6108 

6109 

6129 

6128 

1335. 

PLATE 

F2 

W- IQ 

61C9 

6110 

6130 

6129 

33C. 

PLATE 

F2 

W-ll 

6120 

6121 

6141 

6140 

795. 

PLATE 

F2 

W- 12 

6121 

6122 

6142 

6141 

1415. 

PLATE 

F2 

W-13 

6122 

6123 

6143 

6142 

813. 

PLATE 

F2 

W-14 

6123 

6124 

6144 

6143 

1259. 

PLATE 

F2 

W-l 5 

6124 

6125 

6145 

6144 

1248. 

PLATE 

F2 

W— 16 

6125 

6126 

6146 

6145 

1720. 

PLATE 

F2 

W- 17 

6126 

6127 

6147 

6146 

1494. 

PLATE 

F2 

W-l 8 

6127 

6128 

6148 

6147 

1888. 

PLATE 

F2 

W— 19 

6128 

6129 

6149 

6148 

498. 

PLATE 

F2 

W-20 

6129 

6130 

6150 

6149 

126. 

PLATE 

F2 

W-21 

6140 

6141 

6161 

6160 

506. 

PLATE 

F2 

W-22 

6141 

6142 

6162 

6161 

12 79. 

PLATE 

F2 

W-2 3 

6142 

6143 

6163 

6162 

536. 

PLATE 

F2 

W-24 

6143 

6144 

6164 

6163 

532. 

PLATE 

F2 

W-25 

6144 

6145 

6165 

6164 

559. 

PLATE 

F2 

W-26 

6145 

6146 

6166 

6165 

1055. 

PLATE 

E2 

W-2 7 

6146 

6147 

6167 

6166 

14C5. 

PLATE 

E2 

W-28 

6147 

6148 

6168 

6167 

1953. 

PLATE 

F2 

W-29 

6148 

6149 

6169 

6168 

2 74. 

PLATE 

F2 

W-30 

6149 

6150 

6170 

61o9 

172. 

PLATE 

E2 

W-31 

6180 

6181 

6201 

62 O'' 

614. 

PLATE 

F2 

W-32 

6181 

6182 

6202 

6201 

1286. 

PLATE 

F2 

W-33 

6182 

6183 

6203 

62 02 

562. 

PLATE 

F2 

W-34 

6183 

61 84 

6204 

62C3 

786. 

PLATE 

F2 

W-35 

6184 

6185 

6205 

6204 

1386. 

PLATE 

F2 

W- 36 

6165 

61 86 

6206 

6205 

1849. 

PLATE 

F2 

W-3 7 

6186 

6187 

6207 

62 C6 

1649. 

PLATE 

F2 

W-33 

6137 

6188 

6200 

6207 

421. 

PLATE 

F2 

W-39 

6188 

6189 

6209 

62 C8 

2 55. 

PLATE 

F2 

W-40 

6200 

6201 

6221 

672C 

207. 

PLATE 

F2 

W— 4 1 

6201 

6202 

6222 

6221 

497. 

PLATE 

F2 

W— 42 

6202 

6203 

6223 

6222 

692. 

PLATE 

F2 

W— 4 3 

6203 

6204 

6224 

6223 

765. 

PLATE 

F2 

W-44 

6204 

6205 

6225 

6224 

816. 

PLATE 

F2 

W— 45 

6205 

6206 

6226 

6225 

843. 

PLATE 

F2 

W— 46 

6206 

6207 

6227 

6226 

687. 

PLATE 

F2 

W-47 

6207 

62 ca 

6228 

6227 

136. 

PLATE 

F2 

W-48 

6208 

6209 

6229 

6228 

94. 

PLATE 

F2 

W-49 

6220 

6221 

6241 

6240 

136. 

PLATE 

F2 

W-50 

6221 

6222 

6242 

6241 

522. 

PLATE 

F2 

W-51 

6222 

62 23 

6243 

6242 

516. 

PLATE 

F2 

W 52 

6223 

6224 

6244 

62 >3 

536. 

PLATE 

F2 

W-53 

6224 

6225 

6245 

6244 

555. 

PLATE 

F2 

W-54 

6225 

6226 

6246 

6245 

5 80. 

PLATE 

F2 

W- 55 

6226 

62 27 

6247 

6246 

704. 

PLATE 

F2 

W-56 

6227 

6228 

6248 

6247 

119. 

PLATE 

F2 

W-5 7 

6228 

62 29 

6249 

6248 

91. 

PLATE 

F2 

W-5 8 

6260 

6261 

6281 

62 80 

289. 

PLATE 

F2 

W-59 

6261 

6262 

6232 

6281 

3C6. 

PLATE 

F2 

W-60 

6262 

6263 

6283 

62 82 

244. 

PLATE 

F2 

W-61 

6263 

6264 

6294 

6233 

507. 

PLATE 

F2 

W-62 

6264 

6265 

6285 

62 84 

116. 

PLATE 

F2 

W-63 

6265 

6266 

6286 

6285 

76. 

PLATE 

F2 

W— 64 

6280 

6281 

6301 

6300 

216. 

PLATE 

F2 

W-65 

6281 

62 82 

6302 

6301 

144. 

PLATE 

F2 

W-6o 

6282 

6283 

6303 

63C2 

245. 

PLATE 

F2 

W— 67 

6283 

62 84 

6 304 

6303 

365. 

PLATE 

F2 

W-68 

6284 

62 85 

6305 

6304 

86 

PLATE 

F2 

W-69 

6285 

62 86 

6306 

6305 

71 . 


301.15 


r 

t 

i 

£ 


% 


'■'Hg 



PLATE 

F2 

W- 70 

6300 

63C1 

6321 

6320 

PLATE 

F2 

W-71 

6301 

o302 

6322 

6321 

PLATE 

F2 

W-72 

6302 

6303 

6323 

632 2 

PLATE 

F2 

M-73 

6303 

6304 

6324 

6323 

PLATE 

F2 

W-74 

6304 

6305 

6325 

6324 

PLATE 

F 2 

W-75 

630 5 

6306 

6326 

6325 

PLATE 

F2 

HI— 1 

6400 

6401 

6411 

6410 

PLATE 

F2 

HT-2 

6401 

6402 

6412 

6411 

PLATE 

F2 

HT-3 

6402 

6403 

6413 

6412 

PLATE 

F2 

MF-1 

6601 

6602 

6605 

6604 

PLATE 

F2 

WF-2 

66 "2 

6603 

6606 

6605 

*/ PLATES 

REPRESENT ING 

FUEL 



PLATE 

F2 

F-l 

6102 

6103 

6123 

6122 

PLATE 

F2 

F-2 

6103 

6104 

6124 

6123 

PLATE 

F2 

F-3 

6104 

6105 

6125 

6124 

PLATE 

F2 

F-4 

61C6 

6107 

6127 

6126 

PLATE 

F2 

F-5 

6107 

61C8 

6128 

6127 

PLATE 

F2 

F-6 

6108 

61 C9 

6129 

6128 

PLATE 

F2 

F-7 

6124 

6125 

6145 

6144 

PLATE 

F2 

F-8 

6125 

6 1 2o 

6146 

6145 

PLATE 

F2 

F-9 

6126 

6127 

6147 

6146 

PLATE 

F 2 

F- 10 

6128 

6129 

6149 

6148 

PLATE 

F2 

F- 11 

6129 

o 1 30 

6150 

6149 

PLATE 

F2 

F- 12 

6140 

6141 

6161 

6160 

PLATE 

F2 

F- 13 

6144 

6145 

6165 

6164 

PLATE 

F2 

F- 14 

6145 

6146 

6166 

6165 

PLATE 

F2 

F-15 

6147 

6148 

6168 

6167 

PLATE 

F2 

F- 16 

6148 

6149 

6169 

6168 

PLATE 

F2 

F-l 7 

6149 

6150 

6170 

6169 

PLATE 

F2 

F-l 8 

6180 

oiai 

6201 

6200 

PLATE 

F2 

F- 19 

6184 

6185 

62 05 

62C4 

PLATE 

F2 

F- 20 

6185 

6186 

6206 

6205 

PLATE 

F2 

F-2 l 

6186 

6187 

620 7 

6206 

PLATE 

F2 

F— 22 

6187 

6188 

6208 

62C7 

PLATE 

F2 

F-23 

6183 

6109 

6209 

6208 

PLATE 

F2 

F-24 

6200 

6201 

6221 

6220 

PLATE 

F2 

F-25 

6204 

6205 

6225 

6224 

PLATE 

F2 

F-26 

6205 

6206 

6226 

6225 

PLATE 

F2 

F-2 7 

6206 

6207 

6227 

6226 

PLATE 

F2 

F-28 

6207 

6208 

6228 

6227 

PLATE 

F2 

F-29 

6208 

62 09 

6229 

6228 

PLATE 

F2 

F-30 

6220 

6221 

6241 

6240 

PLATE 

F 2 

F-31 

6224 

6225 

6245 

o244 

PLATE 

F2 

F-32 

6225 

o226 

6246 

6245 

PLATE 

F2 

F-33 

6226 

6227 

6247 

6246 

PLATE 

F2 

F-34 

6227 

6228 

6248 

6247 

PLATE 

F2 

F-35 

6228 

6229 

6249 

6246 

*/ PLATES 

REPRESENTING 

PAYLOAD 


PLATE 

F2 

P-1 

6002 

60 03 

6023 

6022 

PLATE 

F2 

P-2 

6003 

60 04 

6024 

6023 

PLATE 

F2 

P-3 

6004 

6005 

6025 

6024 

PLATE 

F2 

P-4 

6005 

60C6 

6026 

6025 

PLATE 

F2 

P-5 

6006 

6007 

6027 

6026 

PLATE 

F2 

P-6 

6007 

60 Cd 

6028 

6327 

PLATE 

F2 

P-7 

6008 

6009 

6029 

6020 

PLATE 

F2 

P-8 

6009 

60 10 

6030 

6029 

PLATE 

F2 

P-9 

6010 

6011 

6031 

6030 

PLATE 

F2 

P-10 

6011 

6012 

6032 

6031 

PLATE 

F 2 

P-11 

6012 

6013 

6033 

6032 

END MASS ELEMENT DATA 




8EGIN PANEL 

DATA 

1 



*t BODY 






MASS 

SUBSETS 

1 





DIRECT ION 

l 






l 

5100 

5251 

5252 

5101 



2 

510 1 

5253 

5254 

5102 



3 

5202 

5203 

5103 

5102 

*/ WING 

FIN 





MASS 

SUBSETS 

2 





direction 

Y 






13 5313 

5316 

5317 

5314 




14 5316 

5319 

5320 

5317 




15 5314 

5317 

5318 

5315 




16 5317 

5320 

5321 

5318 



184. 

160. 

126 . 

2 73. 
66 . 
66 . 
283. 
212 . 
522. 
5G0. 
400. 

129.6 

8637.2 

12852.9 

5531.1 

6919.3 

107.1 

442.8 

5450.7 

0537.8 

2604.5 

4011.2 
5762. C 

1128.9 
247C.2 

1825.8 

4994.1 

2341.4 

3598.6 
268.5 

1691.6 

3248.9 

2531.0 

4235.0 

775.4 

457.0 

1190.8 

1393.2 

1501.2 

1555.2 

140.4 

54.0 

442.8 

658.3 

648.0 
5 83.2 

680. 
2295. 
3585. 
2200 . 
33 90. 

3475. 

’965. 

2040. 

2120 . 

2125. 

1190. 


TO 12 


301.16 



. 


•/ WING 

MASS SUBSETS 3 
DIRECTION 2 

17 5*00 5*01 5*11 5*10 TO 21 

•♦6 5 10 *»3 05 

•/ HOR TAIL 

MASS SUBSETS * 

DIRECTION 2 

52 5500 5501 5511 0510 TO 53 

•*1 2 10 *«3 C 2 

ENO PANEL DATA 1 
BEGIN FACTOR DATA 

EXCLUOE STIFFNESS ELEMENTS 
MASS FACTOR 32.17 
ENO FACTOR DATA 
ENO MASS DATA 
BEGIN SUBSET DEFINITION 
SUBSETS OF MASS SET 1 

N1 * 6001 TO 6036 6501 TO 650* 

El * ALL IN N1 
N2 * 6601 TC 6606 
E2 * ALL IN N2 
N3 * 6100 TO 6376 
E3 « ALL IN N3 
N* * 6*00 TO 6*13 


E* * 

ALL IN 

N* 



ENO SUBSET 

DEFINITION 



END PROBLEM 

DATA 




*/ M0DE2 / 





BEGIN VAN AT 

OATA 




BOOT 


12 

2 

2 

FIN 


0 

2 

8 

WING-FIN 


* 

1 

2 

WING 


35 

3 

3 

HR-TAIL 


* 

3 

3 

55 


33 

1 


6 


l. 

2C 

2* 

13 


16 

25 

33 


1. 

0. 

.00001 

200. 

0 . 

•OCOOl 

*00. 

0 . 

.00001 

600. 

0 . 

.00001 

800. 

0 . 

.00001 

1000. 

0 . 

.0CC01 

12C0. 

c. 

.00001 

1*00. 

0 . 

.00001 

1600. 

0 . 

.00001 

1800. 

0 . 

.OCOOl 

2000. 

0 . 

•OCOOl 

3599. 

c. 

0. 

3*00. 

0 . 

0 . 

3200. 

0 . 

0 . 

3000. 

0 . 

0 . 

2800. 

0 . 

0. 

2600. 

0 . 

0 . 

2*00. 

0 . 

0 . 

2200. 

0. 

0. 

20C0. 

c. 

0. 

2985. 

793. 

-9999. 

2855.3 

696. 

-9999. 

2720. 

595. 

-9999. 

26*1.8236 

59*. 

-9999. 

2718. 

593. 

-9590. 

2600. 

525. 

-9990. 

2*75.* 

*55. 

-9999. 

2390. 

398. 

-9999. 

230*. 9 

3*1. 

-9999. 

2220. 

285. 

-9999. 

2136. 

228. 

-9999. 

2030.7 

1*6.6 

-9999. 

1925.* 

65.1 

-9999. 



301.17 



• * FORE BODY * 

•* AFT BODY * 

• * OUT BOAR 0 WING * 

** WING FIN * 

* * INBOARC MING * 

*F HORIZONTAL STABILIZER * 

11 20 23 24 33 0 

00003000000 122222222 1222222222222 



14 









17 

0. 

IS 

0. 

15 

C. 

20 

0. 


22 

0. 

23 

0. 

24 

0. 

25 

0. 


27 

0. 

23 

0. 

29 

0. 

32 

c. 

F* 

33 

0. 

37 

0. 






17 

51 

0. 







52 

55 

0. 







MOCOOIA 

ENO VAMAT OAT A 
BEGIN VAMSCN DATA 
2 2 l 

1 

2 1 

•FGROUP 1 - PASS 1 * 
1 2 

♦FGROUP 2 - PASS IF 

1 

2 

♦FGROUP 1 - PASS 2F 
1 2 

END VANSCN DATA 


i 

I 

t 

I 

} 

! 

r 

f 

r. 


301.18 
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302. ATLAS/NASTRAN IK SPACES (DECK 9) 


302.1 DESCRIPTION OF DEMONSTRATION 

The method used to demonstrate the ATLAS- NASTRAN interfaces 
is shown schematically in figure 302-1. An ATLAS model 
consisting of ROD, BEAM, PLATE, SPLATE and GPLATE elements was 
prepared. Only nodal loads are applied. An ATLAS stress 
analysis is performed and the data are converted to NASTRAN (ref. 
201-1) bulk data. Nonconvertible NASTRAN bulk data cards and the 
Executive and Case Control decks are added. This complete 
NASTRAN problem deck is then used to perform a NASTRAN stress 
analysis . 

The complete NASTRAN bulk data deck is then processed through 
the NASTRAN -to- ATLAS interface. The resulting ATLAS data deck is 
then used to perform a stress analysis. 

302.2 RESULTS 

NASTRAN detected no data errors while reading and checking 
the bulk data produced by the ATLAS -to- NASTRAN interface. The 
stress analysis results of the two ATLAS executions are equal 
within the accuracy of the data being converted. The NASTRAN 
stress analysis results agree with the ATLAS results as closely 
as expected considering the somewhat different behavior of the 
NASTRAN and ATLAS plate elements. 


302.1 
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302.3 


LISTING OF CONTROL PROGRAM AND DATA 


BEGIN CONTROL MATRIX PROGRAM 0EH009 

PROBLEM ICICEM009 - PART I. ATL AS-TO-NASTR AN DATA CONVERSION! 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED IT THIS 

DECK ARE 

1. ATLAS-TO-NASTRAN DATA CCNVERSICN 

2. NASTRAN-TO-ATLAS CATA CCNVERSICN 

AUTHOR N. TANEKUM 


CCRE 140* (OCTAL) 

DIMENSION FETtlOO.SI 

DIMENSION A It 2001 .A 3 1 2001 • A* (200 1 . AS ( 2001 ,A6(200) 
INTEGER 031. STAGE. SET 
REAO INPUT 

PRINT INPUT I NODAL. SET-3J 
PRINT INPUT! STIFFNESS. SET. 3! 

PRINT INPUT (BC, SET* 31 
PERFORM STRESS (SET*3I 
PRINT OUTPUT (DISPLACE. SET-31 
PRINT OUTPUT (STRESSES. SET-31 
PRINT OUTPUT (REACT IONS! SE T-3) 


CALL FILEADOtFET, CATARKF .mERGRNF, HASSRNF • ST IFRNP . SCOORNF) 
call FETAOO (SAVESSi. AI, 200.1. O.IRR! 

CALL FETAOO ( SCOQSSF. A3,200. l.O.IRR) 

CALL FETAOO ( SC01SSF.AR.200, 1 .0*1 RR| 

CALL FETAOO I SC02SSF. A5.200.I.0.IRR) 

CALL FETACO (SC03SSF. *6,200.1. O.IRR! 

c 

LOUT 1 - SAVESSI 
L 11 - 3LL11 
L21 - 3LL21 
L 31 - 3LL31 
031 « 3L031 
STAGE - 1 
SET - 3 
NCOND * o 
NELEM - I 
NNOOE ■ 1 
NBCLO - I 
NM4SS * 0 
C 

CALL AINA (SET. NCONO. NELEM. NNCOE. NNASS. LOUT. .STAGE. L 11, L21.L31. 031 

X. NBCLO) 

ENO CONTROL PROGRAM 


302.2 



.. . ... ...v-*. 


•/ N0DE2 f 
BEGIN NODAL CAT* 

SET 3 

1 0. 0. 0. TO 21 2C. 0. 0. 6* 10 

2 0. 10. 0. TO 22 20. 10. 0. 8V 10 

3 0. 10. 10. TO 23 20. 10. 10. BY 10 
A 0. 0. 10. TO 24 20. 0. 20. BY 10 

END NODAL OATA 
BEGIN STIFFNESS DATA 
SET 3 

BEGIN ELEMENT OATA 
BOO 1 11 3. 

•♦3011 0. 


ROD 

11 21 

2. 




•♦3 0 

1 1 0 . 




BEAM 

N100 

11 

12 

13 

1. 

• 

N 101 

12 

13 

14 

#• 

• 

N 102 

13 

14 

11 

• • 

• 

N103 

14 

11 

12 

t* 


BEAM N 104 1 11 22 •• 

• N10S 2 12 1 •• 

• N106 3 13 l •• 

• NIOT 4 14 1 •• 

• N201 11 21 2 •• 

• N202 12 22 1 •• 

• N203 13 23 2 •• 

• N204 14 24 1 •• 

PLATE N 1 10 l II 12 2 .1 

• Nlll 4 14 13 J •• 

• N1 12 11 21 22 12 .15 

• NU3 14 24 23 13 .20 

• N114 3 4 14 .05 

SPLATE N 1 20 1 11 14 4 .05 

• N121 2 12 13 3 .05 

• N122 ll 21 24 14 .07 

• N123 12 22 23 13 .07 

GPLATE N130 21 22 23 24 .C6 .OS 30. 

• M4 T 150 N131 11 12 14 .07 

• • • N 132 12 13 14 .07 
END ELEMENT DATA 

END STIFFNESS OATA 
BEGIN BC DATA 
SET 3 STAGE 1 
SUPPORT ALL FOR l TO 4 
END BC OATA 
BEGIN LOAOS DATA 
SET 3 STAGE 1 
BEGIN NOCAL LOAO CATA 
CASE CS 

21 TO 24 FX 1000. 

ENC NOOAL LOAO OATA 
END LOADS OATA 
ENO PROBLEM DATA 
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BEGIN CONTRGL MATRIX PROGRAM DEM009 

PROBLEM 10ICEM009 - PAPT II . NASTRAN-TQ-ATL AS OATA CONVERSION! 
OIMENS ION All 1000 I • A2( 1000 i . A3 1 1000 1 
CALL FETACClSCOOSSf ,A 1 ,1000, 1 ,0. IRR 1 
CALL FETAOCISC01SSF ( A2.*000,l,0,IRR! 

CALL F£TAOO( SAVESS2 , A3,1000, 1 ,0, I RRI 
LOUT 2 - SAVESS2 
CALL NASTATl ( LOUT 2 > 

END CONTROL PROGRAM 


BEGIN CONTROL PROGRAM DEK009 

PROBLEM I0IGEMO09 - PART III. ATLAS STRESS ANALYSIS! 

READ INPUT 

PRINT INPUT (NODAL I 

PRINT INPUTISTIFFNESS! 

PRINT INPUT ( BCi 

PERFORM STRESS (SET-ll 

PRINT OUTPUT (01 SPLAC E , SET = 1 ) 

PRINT OUTPUT (STRESSES. SET=II 
PRINT OUTPUT (REACT IONS* Sc T- II 
END CONTROL PROGRAM 
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303. ATLAS/NASA-LaRC AIRPLANE CONFIGURATION PROGRAM 

INTERFACE (DECK 7) 


303.1 DESCRIPTION OF DEMONSTRATION 

This deck demonstrates the data interface between ATLAS and 
the NASA-LaRC airplane configuration plot program (ref. 303-1) 
and the NASA Aerodynamic Design and Analysis System for 
Supersonic Aircraft (ref. 303-2) . The demonstration makes use of 
two airplane configurations documented in reference 303-1, viz., 

• A cambered circular body SST conf iguration (fig. 303-1) 

• A blended wing-body fighter aircraft (fig. 303-3) 

These examples illustrate each type of airplane component that 
can oe defined by the LaRC configuration program. 

The demonstration proceeds as shown schematically in figure 
303-5. The LaRC configuration program data for the SST aircraft 
are processed by the ATLAS library subroutine LRCGEOM to produce 
geometry data in the format expected by the Geometry 
Preprocessor. Since the SST is symmetrical about the X-Z plane, 
each LaRC configuration component produces two ATLAS geometry 
components (right and left sides) . The generated data are read 
by the Geometry Preprocessor and stored on DATARNF. ATLAS nodal 
data defining the model are read by the Nodal Preprocessor which 
interrogates the geometry data to obtain nodal coordinates. 
Surface nodes are defined for the body and pod components, and 
mid-surface nodes are defined for the wing, fin and canard 
components. The same process is then repeated for the fighter 
aircraft. 

303.2 RESULTS 

Nodal coordinates for both aircraft were printed by the Nodal 
Postprocessor and compared with the original airplane 
configuration data to confirm the correct operation of the 
interface. The ATLAS nodal data for the SST aircraft were 
plotted and are displayed in figure 303-2. The ATLAS nodal data 
for the fighter aircraft are displayed in figure 303-4. 
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303.3 


LISTING OF CONTROL PROGRAM AND DATA 


c i 

BEGIN CONTROL MATRIX PROGRAM DEM007 

PROBLEM I0I0EMU07 - NASA/LARC CONFIGURATION PROGRAM INTERFACE! 

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS 

DECK ARE 

1. NASA/LAPC CONFIGURATION PROGRAM-TO-ATLAS 
INTERFACE 

2. GEOMETRY PREPROCESSOR 

AUTHOR R. L. OREISBACH 

CORE 20CK (OCTAL) 

. V 

DIMENSION AK100) 

C 

CALL FILEADOI At. SAVESSlI 

C ; 

C SST CONFIGURATION 

C ’ -4 

CALL LFCGFOMiSL INPUT, SAVESSl) 

RCWIND SAVESSl 
READ INPUT! 1*SAVESS1) 

RE AC INPUT 

PRINT INPUT(NOOAL,SET*5l 

EXECUTE EXTRACT! EXNAME*SET5,LSUB*NODES.KSET=S,NSUB=N5> 

EXECUTE GPArHICSIGNAME*NU0EPLUT,TYPE=10PTH, POINT) , OFFLINE* CALCUMP, 

X RZ=60,KY=45,PX=J»SI2E*(30,20l,EXNAME=SETil 
PURGE F ILESIOAT ARNFI 
C 

C FIGHTER CONFIGURATION 
C 

CALL FILEAODIAI, SAVESSl) 

REWIND SAVESSl 

CALL LRCGEONC 5UNPUT, SAVESSl) 

REWIND SAVESSl 
READ INPUT! I*SAVESS1 ) 

READ INPUT 

PRINT !NPUT|NCDAL,SET=10I 

EXECUTE EXTRACT! EXNAME = SE T 10 , L SUB=NODE S ,KSET*1 0,NSUB = N10) 

EXECUTE GPAPHICS(GNAME=N0DEPLOT,TYPE*!ORTH,P0!NTI,SUE*!30 t 20) , 

X RZ=— 150»RY=35,PX*0»EXNAME*SET10I 

END CONTROL PROGRAM 









k 


; 

i 





t' 


SST CDNFIGUP AT ION WITH CAMftEHU) C1RCULAF aOOV 


l l 

-l 1 

1 9 0 

12 13 

l 17 

26 



2 10 

3 10 


9494. 










ft. F F A 

0 . 

.1 

.6 

1C. 

20. 

30. 

40. 

SO. 

oO. 

70. 

XAF 10 

80 . 

90. 

100. 








X Aft 13 

82.30 

5.05 

0. 

180.10 







WAT-OPC 1 

93.80 

6 • 60 

c . 

1(6.201 






WAF-JPG 2 

U4. 199 9.90 

-.45 

142.351 






waf;i»g o 

130.629 13.20 

-1.40 

124.670 






WAF'IR G 4 

157.98 

19.03 

-1.35 

58.670 







WAFtIPG 5 

181.29 

2 « . 4 0 

-1.15 

7 8.810 







WAFO«G 6 

202.41 

33.00 

-.3 5 

6 1.241 







WAFiJPG 7 

221.63 

39.63 

-1.60 

47.319 







WAFMRG 8 

239.18 

4o.20 

-2.80 

34.719 







WAFORG 9 

255.00 

52.80 

-3.75 

2 5.35 







WAFOPGIC 

269.23 

59.40 

-4.3C 

15.670 







WAFHRGU 

282.00 

66.00 

-4.40 

7.400 







WAF1RG12 

3.60 

3.70 

3.90 

3.75 

2.75 

.95 

-1.35 

-3.45 

-5.30 

-6.80 

TZCft 1) l 

-8.20 

-9. 10 

-9.40 








T2CJR0 [ 

.10 

.50 

1.75 

2.00 

2.10 

1.20 

-.05 

-1.85 

-3.25 

-4.70 

TZCJP ') 2 

-6.30 

-7.70 

-8.80 








T20P0 2 

0. 

.35 

.90 

1.20 

1.35 

.70 

-.20 

-1.20 

-2.35 

-3.45 

TZOftO 3 

-4.55 

-5.75 

— t . 8 C 








T2GRI) 3 

0 . 

.165 

.72 

.93 

1.0 

.6875 

.15 

-.56 

-1.3 5 

-2.205 

T/OO 4 

-3.07 

-3.9375-4.801 








TZCRi) 4 

0 . 

.1C 

.45 

.60 

.72 

.695 

.40 

.0875 

-.295 

-.7825 

T20R0 5 

-1.15 

-1.685 

-2.173 








T/OkO 5 

0 . 

.05 

.265 

.4? 

.5925 .625 

.47 

.0125 

.12 

-.10 

TZOPI) 6 

-.345 

-.6175 

-.8569 








T70RD 6 

0 . 

.04 

. 1935 

.2 7o5 

.3950 .4395 

.4330 

.3 860 

.3095 .2075 

T/Qt.) 7 

.0915 

-.0390 

-.1620 








TZOFO 7 

0 . 

.0225 .1035 

• loO 

.249 

.2980 

.3135 

.3040 

.2730 .2380 

TZOPI) 8 

.185 

.1235 .0563 








TZCKO 8 

0 . 

.02 

. 1055 

. 1 5C0 

.246 

. .2358 

.305 

.311 

.308 

.2995 

T Zl’-ft 0 9 

.2845 

.2635 .2335 








TZORO 9 

0 . 

.0085 .049 

.0695 

.1175 .144 

.155 

.158 

.1595 .1585 

TZOPO 10 

.1545 

.148 

.1398 








TZOKD 10 

0 . 

-• C03 

-.014 

-.023 

-.043 

-.061 

-.077 

-.090 

-.1005 -.110 

TZORD 11 

-.1155 

-.1190 

-.1224 








TZUPI) ll 

0 . 

-.0025 

-.010 

-.017 

-.0325-. 047 

-.062 

-.375 

-.080 

-.100 

TZOPI) 12 

-.1115 

-.1220 

-.1324 








T ZflP 0 12 

0 . 

.304 

.491 

.303 

1.069 

1.280 

1.430 

1.518 

1.550 

1.451 

WAFLJPD 1 

1.162 

.678 

0.0 








KAFORU 1 

0.0 

.265 

.423 

.710 

.962 

1.156 

1.296 

1.373 

1.39o 

1.294 

In A F 0 K 0 2 

1.028 

.593 

0.0 





• 



KAFORt) 2 

0.0 

.226 

.338 

• 635 

.889 

1.079 

1.204 

1.272 

1.263 

1.136 

to AFOP 0 3 

.886 

.506 

0.0 








h'AFOPD 3 

0 . 

.204 

.274 

.596 

.870 

1.074 

1.20 

1.250 

1.234 

1.C83 

WAFO'>0 4 

.832 

.472 

0. 








WAFORU 4 

0 . 

.144 

.175 

.559 

.686 

1.111 

1.246 

1.294 

1.242 

1.087 

WAFOPD 5 

.828 

.466 

0.0 








WAFOPD j 

0.0 

.066 

.09 

.522 

.886 

1.145 

1.289 

1.141 

1.285 

1.125 

hAFuPD 6 

.852 

.48 

0. 








WATOPO 6 

0.0 

.006 

.033 

.495 

.880 

1.155 

1.320 

1.357 

1.320 

1.155 

wAFriHi; 7 

.880 

.495 

0.0 








WAFUPU 7 

0 . 

.006 

.033 

.495 

.880 

1.155 

1.320 

1.357 

1.320 

1.155 

WAFOftO 8 

.880 

.495 

0.0 








WAFOPO 8 

0.0 

.OOo 

.033 

.495 

.880 

1.155 

1.320 

1.357 

1.320 

1.155 

toAFnPi) 9 

.800 

.495 

0. 








toAFnc;) o 

0.0 

.006 

.033 

.495 

.830 

1.155 

1.320 

1.357 

1.32-9 

1.155 

V. AFf’KUl 0 

.800 

.495 

0 . 








to AF 0 P U 1 0 

0.0 

.006 

.033 

.495 

.880 

1.155 

1. 320 

1.357 

1.320 

1.155 

nAFClK'll l 

.800 

.495 

0. 








toAFOPIU 1 

0.0 

.006 

.033 

.495 

.880 

1.155 

1.320 

1.357 

1.320 

1.155 

ft AF l )Pf;12 

.860 

.495 

0 . 








W AFuK 1) 1 2 

0 . 

20. 

40. 

50. 

60. 

70. 

80. 

90. 

100. 

120. 

xrus i ' 

130. 

140. 

150. 

1(0. ' 

180. 

200. 

220. 

230. 

24 0. 

250. 

X r US 23 

260. 

270. 

230. 

POO. 

3C0. 

312. 





XKJS 26 

7.4 

7.4 

7. •' 

7.4 

7.4 

7.4 

7. 

6.15 

5. 

2.5 

/RUS 10 

1.25 

0. 

-1.3 

-2.5 

-5. 

-7.45 

-9.2 

-9.75 

-10. 

-10.13 

ZHJS 20 

-10.2 

-10.2 

-10.2 • 

- 10.2 

-10.2 

-10.2 





Z FuS 26 



i 
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0. 

18.5 

46. 

65. 

93. 

96. 

95.5 

92.2 

95.5 

96. 

AFUS 

10 

98. 

100.7 

101. 

4?. 

89.5 

79. 

70. 

68.5 

68.5 

67.3 

AFUS 

20 

62. 

50.5 

37. 

24. 

11.5 

0. 





AFUS 

2 6 

236.0 

7.50 

-11.55 








ppdorc 

1 

0. 

4. 

C. 

12. 

16. 

20. 

24. 

28. 

32. 

34.5 

XPOD 

1 

2.292 

2.477 

2.64 4 

2.791 

2.915 

3.012 

3.076 

3.397 

3.100 

3.100 

POO 

1 

241.0 

31.75 

-3.60 








PUDDRG 

2 

0. 

4. 

8. 

12. 

16. 

20. 

24. 

28. 

32. 

34.5 

XPOD 

2 

2.292 

2.477 

2.64 4 

2.791 

2.915 

3.012 

3.076 

3.397 

3. 100 

3.100 

PCJR 

2 

252.0 

47.0 

-2.95 

35.3 

2B5.36 

47.0 

6.31 

4.77 



F IMtlRG 

1 

0.0 

10. 0 

20.0 

3 C. 

40. 

50. 

tC. 

70. 

90. 

100. 

X F IN 

1 

0.0 

0. 311 

0. 564 

0.739 

3.897 

0.977 

C .999 

0.927 

0.42 7 

0.0 

F I.VJ9IJ 

1 

277.9 

0. 

-6.7 7 

35.3 

311.3 

0. 

2.49 

4.77 



F I NOR G 

2 

0.0 

10. 

20. 

33. 

40. 

50. 

6C. 

70. 

93. 

100. 

x r- 1 N 

2 

0. 

0.311 

0.564 

0.759 

0.C97 

0.977 

C.999 

0.927 

0. h2 7 

o.c 

F 1‘TUPO 

2 

312. 

0. 

-10. •» 

0. 

277.9 

0. 

-6.77 

35.3 



F JNOP.G 

3 

0. 

10. 

20. 

3C. 

40. 

50. 

60. 

70. 

90. 

100. 

XFIN 

3 

0. 

0.311 

0.564 

0.759 

0.39 7 

0.977 

0.999 

0.92 7 

0.42 7 

0.0 

F INPPD 

3 


*/ DF.iNC NC lit" S K)K S$T CUNF 1 GURa T I ON — EXAMPLE 1. / 

BEGIN NUOAl DATA / 

SET 5 / 

*/ UEHNE A LOCAL INPUT FRAME FOR EACH GE C M c TR Y COMPONt NT . / 


RFC 

WINGR 

0. 

0. 

0. 

1. 

0. 

0. 

0. 

0. 

1. 

/ 

RCC 

W INGL 

0. 

0. 

0. 

1. 

c. 

0. • 

0. 

0 . 

1. 

/ 

RFC 

UOOYA 

C. 

c. 

u . 

0. 

-1. 

0. 

0. 

0. 

1. 

/ 

REC 

PDOAP. 

0. 

0. 

• 

0. 

-1. 

0. 

0. 

c. 

1. 

/ 

RFC 

PODAL 

0. 

0. 

c . 

0. 

-1. 

c. 

0. 

0. 

1. 

t 

REC 

POOH* 

0. 

0. 

0 . 

0. 

-1. 

0. 

0. 

0. 

1. 

/ 

REC 

PUDPL 

0. 

c. 

c . 

0. 

-1. 

0. 

r\ m 

0. 

1. 

/ 

REC 

F INAR 

0. 

0. 

0 . 

1. 

0. 

0. 

0. 

-1. 

r. 

/ 

REC 

FINAL 

0. 

C. 

c. 

1. 

0. 

0. 

0. 

-1. 

0. 

/ 

REC 

FIND 

0. 

0. 

0 • 

1. 

c. 

c. 

0. 

-1 . 

c. 

/ 

REC 

1 INC 

0. 

0. 

3. 

1. 

0 . 

0. 

0. 

-1. 

0. 

/ 

BEGIN 

EXTRACT 

/ 











•/ ntriNC M ID- SUP F ACE NODES TOR WING COMPONENTS — 13 NODES PER SECTIUN AS 


DEFINED BY TM GEOMETRY 

DATA. THE NODES ARE 

LOCATED SUCH THAT THEY 

COINCIDE WITH TmL LONGITUDINAL CONTROL 
RECORD IN THE GFCMETRY DATA SET. / 

CUFVES DEFINED BY THE ENRICH DA 1 A 

COMPONENT WINGR / 

MIDSUKFACL NULLS If. S EC TIC N 
1 TO 13 OF .C 01 .005 

79. 5.G5 -1C. 

.094 .1 * = 8 / 

290. 

5.05 

-10. 70. 

5.03 

70. / 

MIDSUPFACF NOTES IN SFCTIlN 
14 TO 26 OF .CGI .COS 

70. 6.60 -10. 

, C94 .1 *=C / 

290. 

6.60 

-10. 70. 

6.60 

70. / 

MIOSURFACr NULLS IN SECTION 
2 7 TO 35 OF .(31 .33 5 

70. 9.90 -10. 

• C94 .1 *=S / 

290. 

9.90 

-1C. 70. 

9.90 

70. / 

MIUSURFACE NODES IN SECTION 
40 TU 52 HI .C;i .0^5 

70. 13.2 -1C. 

.054 . 1 * = 8 / 

293. 

13.2 

-10. 70. 

13.2 

70. / 

MIDSUKFACfc NODES IN SFCTILN 
53 TO 65 OF .001 -C‘'5 

70. 19.3 -10. 

.394 .1 * =0 / 

290. 

19.8 

-10. 70. 

19. 8 

7C. ! 

MIUSURFACE NDCES IN SLCTILN 
60 TO 7e OF .CGI .005 

70. 26.4 -1C. 

.394 .1 *=a / 

293. 

26.4 

-10. 70. 

26.4 

70. / 

MI OSUR FACE NUDES IN SECTION 
79 TO 91 JF .001 .005 

7C. 33.3 -10. 

. c 94 .1 * *d / 

290. 

33.0 

-10. 70. 

33.0 

7C . / 

MIOSURFACr NODES IN SFCTILN 
92 TU 104 ur .0*1 . Ou 5 

73. 39.6 -1C. 

.354 .1 / 

29C. 

39.6 

-10. 70. 

39.o 

70. / 

MIDSUF FACE NUOES IN SFCTIlN 
105 TO 1 17 (j F .f Cl .0 ' 5 

73. 46.2 -13. 

.394 .1 *=0 / 

29C. 

4o. 2 

-10. 70. 

46.2 

70. / 

MIUSURFACE NODES IN SLCTILN 
IIP TO 130 OF .001 .005 

73. 52.8 -10. 

.094 . 1 * =8 / 

293. 

52.8 

-13. 70. 

52. C 

70. / 

MIDSUKFACF NIUIS IN S'CTICN 
131 TC 143 OF .(Cl .005 

7C. 59.4 -1C. 

.094 .1 *-8 / 

29C. 

59.4 

-10. 70. 

59.4 

70. / 

MIUSURFACE NULLS IN SLCTILN 
144 TO 156 or ,CC1 .305 

73. 06 • C -10. 
.094 .1 * *8 / 

293. 

66. 0 

-10. 70. 

66.0 

7C. • / 

•/ / 

COMPONENT WINGL / 

MIUSUREAcr NOTES IN SECTION 
201 TO 213 Jl .CC1 .005 

7U . -5.05 -10 

.094 . 1 * = 3 / 

. 290. 

-5. 

05 -10. 70 

. -5 

.05 70. 

MIDSUPFACF NODES IN SECTION 
214 TO 226 OF .CGI .035 

70. —6.60 -1C 

.094 . 1 * = U / 

. 290. 

"6» 

60 -10. 70 

. -6 

.60 70. , 

MIDSURFACE NOCES IN SEDTICN 
227 TO 239 OE .CC1 .005 

7C. -9.90 -1C 

.094 . 1 * *6 / 

. 290. 

-9. 

90 -10. 70 

. -9 

.90 70. 
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:■ v. 




l 

M1DSURFACE NOCFS IN SCCTIC'N 

70. - 

13.2 - 

10. 

290. -13.2 

-10. 

70. -13.2 

70. 

/ 

L 

240 TO 252 OF .COl .005 

.094 

.1 *«8 

/ 






* 

MIDSUk'F ACE NOCES IN SECTION 

70. - 

19.8 - 

1C. 

290. -19.8 

-10. 

70. -19.8 

70. 

/ 


253 TO 265 OF .001 .005 

.094 

.1 •■8 

! 






j 

N1DSUKFACE NOCES IN SCCTIt'N 

7 Ci. - 

26.4 - 

1C. 

290. -26.4 

-ID. 

70. -26.4 

70. 

/ 

v V 

266 T() 279 01 .COl .005 

.094 

.1 *«8 

/ 






! c 

MIDSURFACE NOCES IN SfCTION 

70. - 

33.0 - 

1C. 

290. -33.0 

-10. 

70. -33.0 

70. 

/ 

1 

j 

279 TO 291 OF .001 .005 

.094 

.1 * * 8 

/ 






MIDSURFACE NOCES IN SECTION 

70. - 

39.6 - 

1C. 

290. -39.6 

-10. 

70. -39.6 

70. 

/ 


292 TO 304 OF .C..1 .005 

.094 

.1 * *3 

/ 






‘ 

MIDSURFACF NOCES IN SECTION 

70. - 

46.2 - 

10 . 

290. -46.2 

-10. 

70. -46.2 

70. 

/ 

r ] 

305 TO 317 OF .OCl .005 

.094 

.1 **8 

/ 






f '■ 

MIDSURFACE NODES IN SECTION 

70. - 

52.8 - 

1C. 

290. -52.8 

-10. 

70. -52.8 

70. 

/ 

310 TO ?30 OF .COl .005 

.094 

. 1 **8 

/ 






‘ c 

MIDSURFACE NOCCS IN SECTItN 

70. - 

59.4 - 

1 C . 

290. -59.4 

- 10 . 

70. -59.4 

70. 

/ 


331 TO 343 UF . C Cl .005 

.094 

.1 *“8 

/ 






, 

MIDSURFACE NODS S IN SFCTION 

7C. - 

66.0 - 

10 . 

200. -66.0 

-10. 

70. — 6o.O 

70. 

/ 


*/ 

*/ 


344 TO 356 OF .001 .005 .044 .1 * = 8 / 
/ 


1KFACE NODES IN SECTION -6 

. 1. 

-20. 6. 

1. 

-20. -6. 1. 

15 

. / 

1001 TO 1030 / 
SURFACE NUCFS IN 

SI Cl UN 

-6. 

20. 

-20. 

6. 

20. -20. -6. 

20. 

15. / 

1031 TO 1060 / 
SURFACE NOCES IN 

SECTION 

-6. 

40. 

-20. 

6. 

40. —2 C . - 6 . 

40. 

15. / 

1061 TO 1090 / 
SURFACE NODES IN 

SECTION 

-6. 

50. 

-20. 

6. 

50. -20. -6. 

50. 

15. / 

1091 HI 1120 / 
SURFACE NUCFS IN 

Si cTIC'N 

-6. 

60. 

-20. 

6. 

60. —20. —6. 

60. 

15. / 

1121 TO 1150 / 
SURFACE NODES IN 

SFCTll N 

— 6. 

7C. 

-20. 

6. 

70. “20. —6* 

70. 

15. / 

1151 If) 1100 / 
SURFACE NUI.LS IN 

SCCTK N 

-6. 

80. 

-20. 

6. 

80. -20. -6. 

80. 

15. / 

1161 TO 1210 / 
SURFACE NOTES IN 

SICTION 

-6. 

90. 

-20. 

6. 

90. — 2 o . —6. 

90. 

15. / 

1211 TO 1240 ! 
SUkl ACE NODES IN 

SiCTU N 

-6. 

100. 

-20. 

6. 

100. -20. -6. 

1 DO . 

15. / 

1241 TO 1270 / 
SURFACE NODI S IN 

s re t it n 

-6. 

120. 

-20. 

6. 

120. -20. -6. 

120. 

15. / 

1271 TO 1300 / 
SURE ACC NOCFS IN 

SECTION 

-6. 

130. 

-20. 

6. 

130. -20. -6. 

130. 

15. / 

1301 TO 1330 / 
SURFACE NUTES IN 

SCCTILN 

-6. 

140. 

-20. 

6. 

140. -20. -6. 

140. 

15. / 

1331 TO 1360 / 
SURFACE NUDES IN 

SCCTIUN 

-6. 

150. 

-20. 

6. 

150. -20. -6. 

150. 

15. / 

1361 TO 1390 / 
SURFACE NOCFS IN 

SECTION 

-6. 

160. 

-2C. 

6. 

loC. -20. -6. 

160. 

15. / 

1391 TO 1420 / 
SURFACE NUDES IN 

SECTION 

-6. 

180. 

-20. 

6. 

130. - 20. —6. 

180. 

15. / 

1421 TO 1450 / 
SURFACE NUDES IN 

Si OTIC N 

-6. 

200. 

-20. 

6. 

200. -20. -6. 

20 C. 

15. / 

1451 TO 1480 / 
SURFACE NULES IN 

SCCT11N 

— 6. 

220. 

-20. 

6. 

220. -20. -6. 

220. 

15. / 

1481 TO 1310 / 
SURFACF NODES IN 

SrCTIC.N 

-6. 

230. 

-20. 

6. 

230. -20. -6. 

230. 

15. / 

1511 TO 13-.0 / 
SURFACF NODFS IN 

SECT If N 

-6. 

24C, 

-20. 

6. 

240. -20. -6. 

240. 

16. / 

1541 TO 157C / 
SURFACE NUDES IN 

scene n 

-6. 

2 50. 

-2C. 

6. 

250. -20. -6. 

250. 

15. / 

1571 TU 1600 t 
SURFACE NUDCS IN 

SLCTICN 

-0. 

260. 

-2C. 

6. 

260. -20. -6. 

260. 

15. / 

loUl TO 1630 / 
SURFACC NUDES IN 

SECTICN 

-6. 

270. 

-20. 

6. 

270. -20. -6. 

270. 

15. / 

1631 TO 1660 t 
SURFACE NOCES IN 

SFCTION 

-4. 

280. 

-2C. 

6. 

280. -20. -6. 

280. 

15. / 

1661 TO 1690 / 
SURFACF NOCES IN 

SEC1 ION 

-6. 

290. 

-2 C. 

6. 

290. -20. -6. 

290. 

15. / 

1691 TU 1720 / 
SURFACE NUDES IN 

seer I f)N 

-6. 

300. 

-20. 

6. 

300. -20. -6. 

300. 

15. / 

1721 TO 1750 / 
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SURFACE NOOES IN SECTIJN -6. 311. -20. 6. 311. -20. -A. 311. 15. / 

1751 TO 17(10 / 

*t / 


•/ DtriNfc 25 EQUALLY- SPACED NODES PER 

COMPONFNT PODAR / 

SECTICN OF 

EACH l 

NACELLE. / 


SURFACE NUDES IN 
2001 TO 2025 / 

SECTION 

-20. 

236.0 

-13. 

-4. 

236.8 

-13. 20. 

236.8 -2. / 

SURFACE M1CFS IN 
2026 TO 2050 / 

SECTION 

-20. 

240.0 

-13. 

-4. 

240.8 

-13. -20. 

240.8 -2. / 

SURFACE NODES IN 
2051 TU 2075 / 

SECTICN 

-20. 

244.8 

-13. 

-4. 

244.8 

-13. -20. 

244 8 -2. / 

SURFACE NUCES IN 
2076 TO 2100 / 

SECTION 

-20. 

24 8.8 

-13. 

-4. 

248.8 

-13. -20. 

248.8 -2* / 

SUPFACF NOCrS IN 
2101 TO 2125 / 

SECTION 

-20. 

252.8 

-li. 

-4. 

252.8 

-13. -20. 

252.8 -2. / 

SURFACE NODES IN 
2126 TO 2150 / 

STCTION 

-20. 

2-j6.fi 

-13. 

-4. 

256.8 

— 1 3. — 20 • 

25o.P -2. / 

SURFACE- NODES IN 
2151 TO 2175 / 

SECTION 

-20. 

260.8 

-13. 

-4. 

260.8 

-13. -20. 

260.8 -2. / 

SURFACE NUDES in 
2176 Ttl 2200 / 

SECTION 

-20. 

264.8 

-13. 

-4. 

264.8 

-13. -20. 

264. R -2. / 

SURFACE NODES IN 
2201 TC 2225 / 

SECTICN 

-20. 

263.8 

-13. 

-4. 

268.8 

-13. -20. 

268.8 -2. / 

SURFACE NUDES IN 
2226 TO 2250 / 
COMPONENT 800AL / 

SECTION 

-20. 

271.3 

-13. 

-4. 

271.3 

-13. -20. 

271.3 -2. / 

SUKFACL NODES IN 
2251 TO 2275 / 

SECTION 

4. 

236.8 

-13. 

20. 

236.8 

-13. 4. 

23o.D -2. / 

SURFACF NUDES IN 
2276 TO 2300 / 

SECTICN 

4. 

240.8 

-13. 

20. 

240.8 

-13. 4. 

240.0 -2. / 

SURF AC r NODES IN 
2301 TU 2325 / 

SECTICN 

4. 

244.8 

-13. 

20. 

244.8 

-13. 4. 

24. .8 -2. / 

SURF ACC NOCLS IN 
2326 TO 2350 / 

SECTICN 

4. 

248.8 

-13. 

20. 

248.8 

-13. 4. 

243.8 -2. / 

SURFACE NOCFS IN 
2351 TU 2375 / 

SECTION 

4. 

252.8 

-13. 

20. 

252.8 

-13. 4. 

252.8 -2. / 

SURFACE NUDES IN 
2376 TO 2500 / 

SECTION 

4. 

256.8 

-13. 

20. 

256.8 

-13. 4. 

256.8 -2. / 

SURFAC' NUDES IN 
2401 TO 2425 / 

SECTION 

4. 

260.8 

-13. 

20. 

260. 8 

-13. 4. 

260.fi -2. / 

SURFACE NUDES IN 
2426 TO 2 50 / 

SECTICN 

4. 

264.8 

-13. 

20. 

264. e 

-13. 4. 

264.fi -2. / 

SURFACE NOCLS IN 
2451 TO 2475 / 

SECTION 

4. 

263.8 

-13. 

20. 

268.8 

-13. 4. 

26U.fi -2. / 

SURFACE NUDES IN 
2476 TP 2500 / 
COMPONENT P003P / 

SECT I C N 

4. 

271.3 

-13. 

20. 

271.3 

-13. 4. 

271.3 -2. / 

‘ SURFACE NODES IN 
2501 TO 2525 / 

SECTION 

-8.0 

241.0 

-36.0 

0. 

241.0 

-35.0 -8. 

241.0 -28./ 

SURFACE NODES IN 
2526 iu 2550 / 

SECTION 

-fi.O 

245.0 

-36.0 

0. 

245. C 

-36.0 -8. 

245.0 -2C./ 

- SURFACE NOCFS IN 
2551 TU 2575 / 

S'. ..TIEN 

-8.0 

249.0 

-36.0 

0. 

249.0 

-36.0 -8. 

249.0 -26./ 

SURFACE NUCES IN 
2576 TU 2600 / 

SFCTItN 

-8.U 

253.0 

-36.0 

0. 

253.0 

-36.0 -8. 

253.0 -28./ 

SURFACE NUCES IN 
2601 TO 2625 / 

SECTICN 

-8.0 

257.0 

-36.0 

0. 

257.0 

-36.0 -8. 

257.0 -28./ 

SURFACF NODES IN 
2626 TO 2650 / 

SECTICN 

-8.0 

261.0 

-36. C 

0 . 

261.0 

-36.0 -8. 

261.0 -23./ 

SUPFACF NUCES IN 
2651 TO 2675 / 

SECTION 

-3.0 

265.0 

-36.0 

0. 

265.0 

-36.0 -8. 

265.0 -28./ 

SURF ACE NOCCS IN 
2676 TO 2730 / 

STCTION 

-6.0 

269.0 

-3o.C 

0. 

269.0 

— 3o.O —8. 

209.G -2D./ 

SURFACE NODES IN 
2701 TO 2725 / 

SECTICN 

• • 0 

273.0 

-36.0 

0. 

273.0 

-36.0 -8. 

273.0 -2fi./ 

SURFACF NODES IN 
2726 TO 2750 / 

SECTICN 

*8*0 

275.5 

-36.0 

c. 

275.5 

-36.0 -8. 

275.5 -26./ 
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c. 


COMPONENT PODai./ 


SURF AC F NODES IN 

SECTION 

0. 

261.0 

-So.O 

8.0 

261.0 -36.0 

0. 

261.0 -28./ 

2751 TO 2775 / 
SURFACE NOLhS IN 

SLCT1LN 

0. 

266.0 

-36.0 

8.0 

265.0 -36.0 

0. 

265.0 -28./ 

2776 TO 2000 / 
SURFACE NODES IN 

SECTION 

0. 

269.0 

— j6.0 

8.0 

269,0 -36.0 

0. 

269.0 -28./ 

2001 70 2025 / 
SURFACE NUDES IN 

SECT ICN 

0. 

253.0 

-36.0 

D.O 

253.0 -36.0 

0. 

253.0 -28./ 

2326 TO 2850 / 
SURFACE NOCFS IN 

SECTION 

0. 

257.0 

-36.0 

8.0 

257.0 -36.9 

0. 

'5 T.C -28./ 

2051 TO 2fi7a / 
SURFACE NODES IN 

SECTION 

0. 

261.0 

— 36. 0 

8.0 

261.0 -36.0 

0. 

261.0 -28./ 

2876 TO 2903 / 
SURFACE NUDES IN 

SECTION 

0. 

266.0 

-36.0 

e.o 

265.0 -36.0 

0. 

2o5.0 -20 . / 

2901 TO 2925 / 
SURFACE NODES IN 

SECT K N 

0. 

269.0 

-36.0 

8.0 

269.0 -36.0 

0. 

2o9.C -20./ 

2926 TO 2950 / 
SURFACE NUCIS IN 

SECTION 

0. 

273.0 

-36.0 

8.0 

273.0 -36.0 

0. 

273.0 -28./ 

2951 TO 2975 / 
SURFACE NUDES IN 

SECTION 

0. 

275.5 

-36.0 

8.3 

275.5 -36.0 

0. 

275.5 -28./ 

2976 TO 3000 / 

DEFINF KID-SURFACE NLOES 

tor 

FIN COMPONENTS — 

10 NUDES PER 

SECTION AS 

OEFINFI) 8Y THE 

GEOMETRY 

DATA 

. THE 

NUDES . 

AFC LOCATED SUCH THAT 

TtICY 


COIMCIOfc M 1 1 M THE LONGITUDINAL CONTROL CUt<VtS DEFINED l.Y THE ENRICH DATA 
RECORD IN THE GECMCTRY OAU SET. / 

/ 

COMPONENT F INAh / 


MIDSURFACE NUOFS 

IN SECTION 

tsO. 

-2.95 

-68. 

30C. 

-2. 

95 

-68. 

250. 

-2 

95 

-65 

6001 TO 63 tO 

OF .1 *=6 

.2 .1 

/ 










MIUSURFACE NU .LS 

IN SECTU N 

250. 

.16 

-68. 

300. 

• 

16 

-68. 

250. 


16 

-65 

6011 ID 6020 

OF .1 *«6 

.2 .1 

/ 










MIUSURFACE NUI'TS 

IN SrCTUN 

25C. 

3.23 

-66. 

3C0. 

3. 

23 

-68. 

2SC » 

3 

23 

-6 5 

6021 TO 6030 

OF .1 « *6 

.2 .1 

/ 










MIDSURFACE NUDES 

IN SECTION 

250. 

6.31 

-68. 

3C0. 

6. 

31 

-68. 

2 so. 

6 

31 

-65 

6031 TO 6060 

OF .1**6 

.2 .1 

/ 










j COMPONENT FINAL / 












j Ml DSURF ACE NODES 

in stem N 

256. 

-2.95 

65. 

300. 

-2. 

95 

65. 

250. 

-2 

95 

68 

6061 TU 6050 

OF ,1 *»6 

.2 .1 

/ 










j MIDSURFACE NUDES 

IN StCTILN 

259. 

.16 

65. 

300. 

• 

16 

65. 

250. 


16 

68 

6051 TO 6060 

OF .1 * = e> 

.2 .1 

/ 










! MIOSUKFACF NUCES 

IN SECTION 

253. 

3.23 

65. 

3C0. 

3. 

23 

65. 

250. 

3 

23 

68 

6061 TO 6070 

OF .1 **o 

.2 .1 

/ 










MIOSURFACE NUCES 

IN S ter ION 

253. 

6.31 

65. 

300. 

6. 

31 

65. 

250. 

6 

31 

63 

6071 TO 6080 

OF .1 **b 

.2 .1 

/ 










*/ 

/ 












COMPONENT FINB 

/ 












; MIDSURFACF NUDES 

IN SECTION 

270. - 

■6.77 - 

1. 318. -6 

.77 

-1 

. 270 

. -6 

.77 

1. 

/ 

i 50C l TU 5010 

OF .1 6=6 

.? .1 

/ 










MIUSURFACE NUOFS 

IN SECTION 

270. 

-3.68 - 

1. 318. -3 

.68 

-1 

. 273 

. -3 

.58 

1. 

/ 

. 5011 TO 5020 

OF .1 *«6 

.2 .1 

/ 










j MIOSURFACE NUDES 

IN SECTIl N 

270. 

-.59 - 

1. 3 

13. - 

.59 

-1 

. 270 

m — 

.59 

1. 

/ 

5021 TU 5030 

or .i *=6 

.2 .1 

/ 










MIOSURFACE NUOFS 

IN SECTU N 

270. 

2.69 - 

1. 318. 2 

.69 

-l 

. 270 

. 2 

.66 

1 . 

/ 

1 5031 TO 5060 

OF .1 * *6 

.2 .1 

/ 











*/ / 

COMPONENT FINC / 

MIOSURFACE NOCFS IN SFCTICN 27G. -10.2 -l. 318. -10.2 -l. 270. -10.2 1. / 
Mil TO 5060 OF .1 **6 .2 .1 / 

MIDSUKF/.a NOCFS IN SfXTUN 21C. - 9.06 -1. 318. -0.06 -1. 27C. -9.06 1. / 
5061 TO 5070 OF .1 «=0 .2 .1 / 

MIOSUKFAU NOl.ES IM SECTION 270. - 1.92 -1. 316. -7.92 -1. 2 70. -7.92 1. / 
5071 TO 5080 or .1 <-6 .2 .1 / 

MIOSUKFACt NOCFS IN SECTION 270. -6.77 -I. 318. -o.77 -1. 270. -6.77 1. / 
5081 TO 5090 CF .1 *=6 .2 .1 / 

END EXTRACT / 

END NODAL DATA / 

• / / 

•/ DEFINE NCDE SUNSETS FOX PRINT AND PLCT DISPLAYS. / 

BEGIN SU8SIT DEflNlTICN / 

SUBSETS OF NCDAL SET 5 / 

N5 » ALL / 

END SUBSET OF FIN IT ION / 

END PROBLEM DATA / 


303.7 


.i J^ l jpil l irf l'T 1 '*' 




A 


lit ENDED WING-80DY FIGHTER — QATA f OR ATLAS GCQRETRV INTERFACE 


I -1 

1 

1 1 

11 13 

1 19 15 




S 

10 2 

10 

*37.94 










f£FA 

0. 

.5 

10. 

20. 

30. 

40. 

50. 

60. 

70. 

89. 

XAF 10 

90. 

95. 

IOC. 








XAF 13 

t4. 

3.0 

0. 

31. 







WORG 1 

2*. 

4.0 

0. 

21.1 







Wl)RG 2 

28. 

5. 

0. 

17.7 







WOkG 3 

30. 

6. 

c. 

16.2 







WORC 4 

33.3 

8. 

0. 

13.5 







WOSG 5 

3*. 

10. 

0. 

11.5 







WOkG 6 

30.3 

12. 

0. 

9.6 







WORG 7 

41.2 

14. 

0. 

7.6 







WORG 8 

44.2 

16. 

0. 

5.2 







WORG 9 

40. 

17.6 

0. 

2. 







WORG 10 

30. 

18. 

0. 

0. 







WORG 11 

0. 

.95 

1.8 

3.2 

4.2 

4.8 

5.0 

4.8 

4.2 

3.2 

WORD 1 

1.0 

.95 

0. 








WORD 1 

0. 

.655 

1.26 

2.24 

2.94 

3.36 

3.5 

3.36 

2.94 

2.24 

WORD 2 

1.2* 

.655 

c. 








WOO 2 

0. 

.57 

1.08 

1.92 

2.5 2 . 

2.88 

3.0 

2.88 

2.52 

1.92 

WORD 3 

1.00 

.57 

0. 








WUkI) 3 

0. 

.475 

.9 

. !•* 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

word 4 

.9 

.475 

0. 








WUKO 4 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

WORD 5 

.9 

.475 

0. 








KURD 5 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

WORD 6 

.9 

.475 

0. 








WORD 6 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.9 

2.4 

2.1 

1.6 

WORD 7 

.9 

.475 

0. 








WORD 7 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

WORD 8 

.9 

.475 

0. 








WORD 8 

0. 

.475 

.9 

1 .6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

wOPO 9 

.9 

.475 

0. 








WORD 9 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

WORD 10 

.9 

.475 

0. 








WORD 1C 

0. 

.475 

.9 

1.6 

2.1 

2.4 

2.5 

2.4 

2.1 

1.6 

WORD 11 

.9 

.475 

0. 








WORD 11 

0. 

2.0 

4. 

6. 

12. 

16. 

20. 

24. 

28. 

32. 

XFUS 10 

3*. 

40. 

48. 

52. 

65. 






XFIIS 15 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

0. 

0. 

V 1 

0. 

0. 

0. 

9. 

0. 

o. 

0. 

J. 

0. 


y i 

0. 

0. 

3. 

0. 

0. 

C. 

9. 

0. 

0. 

0. 

2 1 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

0. 


2 1 

0. 

. C6l 

.124 

.18 

.27o 

.375 

.4 76 

.637 

.793 

.88 7 

y 2 

• 793 

.637 

• 4 76 

.375 

.276 

.13 

.124 

. 061 

9. 


Y 2 

-.336 

-.335 

-.331 

-.316 

-.306 

-.275 

-.221 

-.127 

-.007 

0. 

2 2 

.007 

.127 

.221 

.275 

.356 

.316 

.331 

.335 

.336 


7 2 

0. 

.138 

.272 

.427 

.582 

.754 

.985 

1.179 

1.394 

1.488 

Y 3 

1.394 

1.179 

.925 

. 754 

.532 

.427 

.272 

.138 

9. 


Y 3 

-.743 

-.735 

-.716 

— .664 

-.634 

-.549 

-.428 

-.228 

-.022 

0. 

2 3 

.002 

.228 

.428 

.549 

.634 

.664 

. 716 

.735 

.743 


/ 3 

0. 

.185 

.383 

.602 

.81 

1.0 77 

1.363 

1 .66 

1.924 

2.023 

Y 4 

1.924 

1.66 

1.3u3 

1.077 

.61 

.602 

.363 

.165 

3. 


V 4 

-1.032 

-1-.02 

-.981 

-.938 

-.373 

-.754 

-.543 

-.273 

-.367 

0. 

7 4 

.067 

.273 

.245 

.754 

.873 

.933 

.981 

1.02 

1.032 


2 4 

0. 

.294 

.6 

.935 

1.283 

1 . 664 

2.349 

2 .466 

2. 769 

2.905 

V 5 

2.789 

2.466 

2.C49 

1.664 

1.283 

.935 

.6 

.294 

0. 


Y 5 

—1.695 

-1.637 

-1.581 

-1.494 

-1.368 -1.168 

-.382 

-.473 

-.035 

0. 

2 5 

.005 

.473 

.882 

1.168 

1.368 

1.49-. 

1.561 

1.637 

1. o>5 


2 5 

0. 

.35 

.725 

1.125 

1.575 

2.0 

2.475 

3.0 

3.0 

3.0 

Y 6 

3.0 

3.0 

2.475 

2.0 

1.575 

1.125 

.725 

.35 

0. 


V 6 

-2.05 

-2.04 

-2.0 

-1.95 

-1.825 

-1.65 

-1.425 

-I.C9 

-.5 

0. 

2 6 

.5 

1.05 

1.425 

1.65 

1.825 

1.95 

2.0 

2.04 

2. OS 


2 6 

0. 

.35 

.725 

1.15 

1.575 

2.05 

2.59 

3.0 

3.0 

3.0 

Y 7 

3.0 

3.0 

2.55 

7.05 

1.575 

1.15 

.725 

.35 

0. 


Y 7 

-2.0 

-2.0 

-1.975 

-1.95 

-1.85 

-1.7 

-1.45 

-1.1 

-.5 

0. 

Y 7 

.3 

1.1 

1.45 

1.7 

1.85 

1.95 

1.975 

2. 

2. 


2 7 

0. 

.35 

.725 

1.15 

1.65 

2.2 

3.3 

3.0 

3.0 

3.0 

V 8 

3.0 

3.0 

3.C 

2.2 

1.69 

1.15 

.725 

.35 

0. 


V 8 
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* 


n ; 


3 


31 



-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.85 

-1.5 

O 

• 

1 

-.5 

0. 

V 8 

.5 

1.05 

1.5 

1.85 

1.95 

2. 

2. 

2. 

2. 


2 8 

0. 

.35 

.725 

1.15 

1.65 

2.15 

3.0 

1.0 

3.3 

3.0 

V 9 

3.0 

3.0 

3.0 

2.15 

1.66 

1.15 

.725 

.36 

0. 


V 9 

-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.8 

-1.5 

-1.C5 

-.5 

0. 

y 9 

.5 

1.05 

1.5 

1.8 

1.95 

2. 

2. 

2. 

2. 


l 9 

0. 

.36 

.725 

1.15 

1.66 

2.15 

3.0 

3.0 

3.3 

3.0 

y in 

3.0 

3.0 

3.0 

2.15 

1.65 

1.16 

.726 

.35 

3. 


y 10 

-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.8 

-1.6 

-1.C5 

-.5 

0. 

V 10 

.s 

1.05 

1.5 

1.8 

1.95 

2. 

?. 

2. 

2. 


/ 10 

0. 

.36 

.725 

1.16 

1.66 

2.1. 

3.0 

3.0 

3.0 

3.0 

y n 

3.0 

3.1* 

3.0 

2.15 

1.65 

1.15 

.785 

.35 

0. 


y u 

-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.8 

-1.5 

-1.05 

-.5 

0. 

v u 

.5 

1.05 

1.5 

1.8 

1.9* 

2. 

2. 

2. 

2. 


7 11 

0. 

.35 

.725 

1.15 

1.65 

2.16 

2.5 

3.0 

3.0 

3.0 

y 12 

3.0 

3.C 

2.5 

2.15 

1.65 

1.15 

.726 

.35 

0. 


y 12 

-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.8 

-1.6 

-1.0S 

-.5 

0. 

y 12 

.5 

1.05 

1.6 

1.8 

1.95 

2. 

2. 

2. 

2. 


2 12 

0. 

.35 

.725 

1.15 

1.65 

2.15 

2.5 

2. 875 

2.95 

3.0 

y 13 

2. 95 

2.875 

2.5 

2.15 

1.66 

1.15 

. 725 

.35 

0. 


Y 13 

-2.0 

-2.0 

-2. 

-2. 

-1.95 

-1.8 

-1.** 

-.975 

-.5 

0. 

v n 

.5 

.975 

1.6 

1.8 

1.95 

2. 

2. 

2. 

2. 


2 13 

0. . 

• 35 

.726 

1.126 

1.525 

1.9 

2.25 

2.55 

2.8 

3.3 

V 16 

2.8 

2.55 

2.25 

1.9 

1.525 

1.125 

. 725 

.35 

0. 


v 16 

-2.0 

-2.0 

-2. 

-1.95 

-1.8 

-1.6 

-1.275 

-.9 

-.5 

0. 

V 14 

.5 

.9 

1.275 

l.b 

1.9 

1.95 

2. 

2. 

2. 


2 16 

0. 

.35 

.725 

1.125 

1.525 

1.9 

2.25 

2.55 

2.8 

3.0 

V 15 

2.8 

2.66 


1.9 

1. -»25 

1.125 

. 725 

.35 

0. 


y 15 

-2.0 

-2.0 

-2. 

-1.95 

-1.8 

-1.6 

-1.276 

-.9 

■“•1a 

6, m 

V 15 

.5 

.9 

1.275 

1.6 

1.8 

1.93 

2. 

2. 

2. 


7 15 

53.091 

9. 

2.0 

1 2 . 1 it*. 

68.213 

r» 

• 

8.683 

0.129 



V T . :*■ *5 l 

0. 

10. 

23. 

3 *• 

6 3. 

so. 

oC. 

70. 

89. 

100. 

Xr IN 

0. 

. u 

1.20 

1 .< U 

1.92 

a . 0 

1.92 

l.oO 

1.2 3 

c. 

r itji.t- p 

62.215 

0. 

8.633 

t*.l *9 

66 . t>C 8 

<*. 

l*'*l 8 

0. 



VlU 0 2 

0. 

lu. 

.. V • 

J-’. 

69. 

59. 

o'*. 

70. 

*-* - * 

ICC. 

XI IN 

0. 

. 72 

1 • < • ♦ 

l.uii 

1 . 9? 

2.0 

1.60 

1 .03 

1.23 

c. 

1 1 Mi'll* 

55.726 

0. 

-•*.68 l 

0. 

56.C86 

. 

-3. *’*,;> 

1.69a 



VU8C. 3 

0. 

13.722 

20. 

3 a. 

60. 

50. 

00. 

70. 

80.273 

100. 


0. 

1.69 

1.6*» 

1.69 

1 • **9 

1.69 

1.69 

1.69 

l . **9 

c . 

VCRO 

55.0.6 

0. 

-3.968 

H • *1 8 

6 3. C 73 

4 

• . 

-2.665 

11.673 



6 

0. 

13.722 

20. 

3>. 

62. 

50. 

09. 

73. 

80.273 

100. 


0. 

1.69 

1.6*: 

1 .69 

1.69 

1.69 

1.69 

1.65 

1.6° 

1) • 

Vu«:> 

53.073 

C. 

-2.655 

11. -.73 

52.681 

C. 

-?.r 

12.060 



vmh; 5 

0. 

1 1. 72? 

20. 

30. 

60. 

50. 

oc. 

70. 

86.278 

100. 


0. 

1.69 

1.69 

1.69 

1.69 

1.6*3 

1.69 

1.69 

1.69 

0. 

V(.R(7 

57.673 

3.3 

0. 

3 . 5 6 7 

66. 8<*S 

11.315 

5 • 

3.613 



CANi VO 

0. 

10. 

20. 

30. 

60. 

60. 

on. 

70. 

80. 

too. 

XCAN 

0. 

. 72 

1.28 

4.9 3 

1.92 

2.0 

1.9? 

1 . ob 

1.28 

0. 

CA.V’Kl) 

66.368 

11.315 

0. 

3.6 13 

<3. 115 

12.619 

0. 

3. 



C AN'IC'G 

0. 

10. 

20. 

30. 

60. 

60. 

09. 

70. 

80. 

103. 

XCAN 

0. 

.72 

i .?e 

1 . oR 

1.92 

2.0 

1.9? 

; .08 

l.?f. 

0. 

CANO PI' 


•/ DEFINE NPOFS HIK 0LENPE3 WING-Bt'OV riKHlIP — EXAMPLE 2. / 
BEGIN NODAL t) A I A / 

SET 10 / 

•/ OFT INI' A LOCAL INPUT I «AMf F(1P FACH GE (.Ft 1 P V COMPONENT. / 


KEC 

W 1 N(.M 

0. 0. 

0 . 

1. 

0. 

0. c. 

L. 1. / 

KEC 

11 IMil 

C. C. 

0. 

1. 

c. 

0. f. 

0. 

1. / 

•VC 

>nriYA 

0. 0. 

0. 

1. 

c. 

c. 

0. 

0. 

u / 

PEC 

i KjA 

0. 0. 

c*. 

1. 

c. 

0. 

1 . 

1. 

0. / 

PEC 

f IN 0 

0. 0. 

0. 

u n. 

0. 

0. 

-1. 

0. / 

8 EC 

UNL 

0. 0. 

0. 

l. 

9. 

0. 

0, 

-1. 

c. 7 

KEC 

riND 

o. 0. 

0. 

l. 

0. 

0. 

3. 

-1. 

c. / 

KEC 

1 IN!. 

0. c. 

c. 

l. 

c. 

0. 

c. 

-1. 

0. / 

KEC 

CANMIAK 0. C 

. 9. 

l. 

c. 

0.' 

0. 

0. 

1. / 

KEC 

C ANNUAL 0. 0 

*4 

9 • • 

l. ?. 

0. 

0. 

0. 

l. / 

REC 

CANROhP 0. 0 

. '. 

l. 

c. 

0. 

0. 

0. 

1. 7 

PEC 

CAN'KPBl 0. 0 

. 3. 

l. 

c. 

0. 

0. 

0. 

l. / 
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BEGIN EXTRACT / 

•/ OEFINE M 19-SUPF ACE NODES FOB WING COMPONENTS ~ 13 NODES PE« SECTION AS 
DEFINED 9Y HIE GEll’lE TF V DATA. THE NODES AH: LOCATED SUCH THAT THEY 
COINCIDE U|TM THE LONGITUDINAL CONTROL CLEVIS OEFINED tiV THE ENRICH DATA 
RE COM) IN THE GEOMETRY OATA SET. / 

COMPUNENT k INGE / 


MIOSUxFACE 

NODES 

IN SECT ION 13. 3.3 -t. 

55. 

3.0 -1 

. 13. 

3.0 

2D. 

/ 

I TO 

1.3 OF 

.1 05 .095 .1 **7 .05 .05 

/ 






midsurface 

UCOES 

IN StCltU.N 13. 4.0 -I. 

55. 

4.0 -l 

. 13. 

4.0 

20. 

/ 

14 10 

26 OF 

• CC5 .(.95 .1 * *7 .35 .05 

/ 






MICSURF4CE 

NODES 

IN SECTION 13. 5.0 -1. 

55. 

5.0 -1 

. 13. 

5.C 

20. 

/ 

27 TO 

39 UF 

•PCS .095 .1 • =7 .35 .05 

/ 






M10SUMFACE 

NCOES 

IN SECTION 13. 6.0 -1. 

55. 

6.0 -1 

. 13. 

6.9 

20. 

/ 

40 TO 

52 OF 

•COS .095 .1 •=? .05 .05 

/ 






MIOSURFACr 

NOOES 

IN SFCTION 13. 6.0 -1. 

55. 

$.0 -1 

. 13. 

8.0 

20. 

/ 

S3 TO 

65 OF 

.CC5 .095 .1 • * 7 .05 .05 

/ 






MICSUKFAU 

NODES 

IN Sf Cl IUN 13. IC.O -1 . 

55. 

19.0 -l 

. 13. 

10.0 

20. 

/ 

66 TO 

78 OF 

.1 C4 .095 .1 F=7 .05 .05 

/ 






MIOSURFACl 

NODES 

IN SECTION 13. 12.0 -1. 

55. 

12.0 -1 

. 13. 

12.0 

20. 

/ 

79 111 

91 OF 

.0C5 .095 .1 *=/ .05 .05 

/ 






HIDSURFACt 

Ncors 

IN SECT lUN 13. 14.0 -1. 

55. 

14.0 -1 

. 13. 

14.0 

2C • 

/ 

92 TO 

i c.4 c,r 

.f C4 .095 .1 *-7 .25 .05 

/ 






MICSUETACf 

NODE s 

in section 13. i6.a -i. 

53. 

16.0 -1 

. 13. 

16.0 

20. 

/ 

1C 3 TO 

1 17 OF 

.C 05 . >95 .1 *=7 .05 .05 

/ 






Ml DS'JRE ALE 

NliiTt S 

IN SEC I ION 13. 17.6 -1. 

43. 

17.6 -1 

. 13. 

17.6 

20. 

/ 

110 TO 

13 3 or 

• C'C'» .(95 .1 * = 7 . C5 .05 

/ 






MIOSURFACE Nil'ES IN SECTION 13. 17.999 SS. 17.999 -1. 

13. 17.999 

20. 

/ 

131 TO 

143 OF 

.CCs .095 .1 * =7 .05 .05 

! 






*/ 


/ 







COMPUNfcNT kllGt 

/ 







MIOSURFACE. 

NODi S 

IN SECT ION 13. -3.3 -1 . 

55. 

-3.0 -l. 

13. 

-3.0 20 

. / 


201 TO 

213 or 

.< C> .095 .1 «=7 .05 .05 

7 






MIOSURI ACf 

Ncors 

IN SECT ION 1 3. -4.3 -l. 

55. 

—4.9 — 1 . 

13. 

-4.0 20 

. / 


214 To 

2 26 OF 

.( C 5 .095 .1 * = 7 .05 «C5 

/ 






MIOSURFACE 

WOOES 

in srcr ion 13 . -3.3 -l. 

55. 

-5.9 -1. 

13. 

-5.G 29 

. / 


227 TO 

239 IF 

. 0 C 5 .095 . 1 * = 7 .05 . G5 

/ 






MIOSURFACE 

f«nrs 

IN St CT I'.N 13. -6.0 -l. 

35. 

-6.0 -1. 

13. 

-6.0 20 

. / 


243 TO 

252 OF 

.CC 5 .0*,5 .1 **7 .05 .05 

/ 






MI CSURFACl 

NCOS S 

IN SECT ION 13. -8.0 -1. 

55. 

-8.9 -1. 

13. 

-8.0 20 

. / 


2S3 TO 

264 or 

.( 25 ."93 .1 * =7 .05 .05 

/ 






MIDSURFALL 

NGOt 5 

IN SECT ION 13. -10. 0 -1 . 

55. - 

13.9 -1. 

13. - 

10.9 20 

. / 


266 TO 

273 or 

.( C 5 .095 .1 » = / .03 .05 

/ 






MICSUkFACE 

NODES 

IN S'CT ION 13. -12.0 -1 . 

53. - 

12.0 -1. 

13. - 

12.0 20 

. / 


2 79 TO 

251 )F 

• CCS . J‘. 5 .1 *-/ ,05 .05 

t 






MIDSURFACE 

NCOEs 

IN Set I lu.N 13. -14.0 -l. 

55. - 

14.0 -l. 

13. - 

14.0 20 

. / 


29* TO 

3C4 Of 

. CC‘> .094 .1 * = 7 .05 .05 

/ 






MICSUHFACE 

f.'COE S 

IN S'CT IUN 13. -16.0 -l. 

55. - 

16.0 -1. 

13. - 

16.0 20 

. / 


305 TO 

317 .IE 

•CC 5 .095 .1 *-7 .05 .03 

/ 






MIOSURFACr 

MCOlS 

IN Sf CT IUN 13. -1 7.6 -l. 

35. - 

17.6 -l. 

13. - 

17.6 20 

. / 


318 TU 

3 50 UF 

• COS .045 . 1 * = 7 .03 .05 

/ 






MIOSURFACE NUCES IN S'CTK.N 13. -17.99V -l. 

55. - 

17.999 - 

l. 13. 

-17.999 20 


331 TO 

343 OF 

. C C 5 .095 .1 * = 7 .05 .05 

/ 







*/ 

•/ 


DEFINE NCDFS AT THE INTERSECTION POINTS OF THE LUNG I TUUl NAL CONTROL 
CURVES WITH The; P JOY SECTIONS. FOR THIS CASE, THEFF. WILL OE i 7 
NODES PEE SfcCTION I'F THE HODY. / 

COMPONENT EOOYA / 

SURFACE NODE? IN SFCTIJN 2. 

1001 TO 1037 AT CURVES / 

RFACE NODES 10 SECTION 4. 

1038 ro 1074 AT CUR V F S / 

SURFACE U TOES IN SECTION 6. 

1075 10 lilt AT CORVES t 
SURFACE NT)tS IN SECT I IN 12. -10. -10. 

H12 to ii48 at curves / 

SURFACE NODES IN SECTION 16. 

1149 TO 1160 AT CURVES / 

SURFACE KC.IUS IN Sr.CTI.lN 20. 

I IGo I ) 1222 A I CL* VES / 

SURFACE NUDFS IN SFCTIIN 24. -10. 


-19. 

-10. 

4 

«. • 

19. 

-10. 

2. 

-10. 

10 

-1C. 

-10. 

4. 

10. 

-1 9. 

4. 

-10. 

10 

-10. 

-10. 

6. 

10. 

-13. 

6. 

-10. 

10 

-10. 

-10. 

12. 

1C. 

-10. 

12. 

-10. 

10 

-10. 

-10. 

16. 

10. 

-13. 

16. 

-10. 

10 

-10. 

-10. 

20. 

10. 

-19. 

20. 

-10. 

10 

-10. 

-10. 

24. 

10. 

-19. 

24. 

-10. 

10 
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•/ 

•/ 


4/ 

*/ 


1223 ru 1259 
SURFACE NODES IM 
1 2oO TO 1246 

SURIACI flUDI 5 IN 
I2«jy »u 1 3 j i 
SURF AC E NUOFS IN 
1 334 TO 13/ ) 
SURFACE NOt'LS IN 
li/i ru 1407 
&UHFACT NODES IN 
1403 I I 1444 
SURFACE frOOtS IN 
1445 111 1431 
SURFACE MUuES IN 
14G2 I < J 1518 


AT CUKVFS / 


S‘ CT1 IN 70. -10. -10. 
AT CU-Vt S / 

23. 

1C. -13. 

28. 

-10. 

10 

SECTION *2. -1 ). -13. 
AT CURVES / 

32. 

n. -13. 

3?. 

-lu. 

to 

SECTION J6. -1). -10. 
AT CURVES / 

36. 

10. -13. 

36. 

-10. 

10 

SECTIRN 43. -13. -10. 
A I CURVES / 

4C. 

10. -13. 

40. 

-10. 

10 

SFCT1 1" 48. -10. -10. 
AT COR V 1 S / 

43. 

10. -10. 

46. 

-ID. 

10 

SECT 1 IN 42. -10. -13. 

at curves / 

52. 

10. -10. 

52. 

-10. 

13 

SECTI :.N 6 5. -IJ. -10. 
AT CURVtS / 

65. 

• 

1 

• 

C> 

— * 

64. 

-10. 

10 


/ 


/ 

/ 

/ 

/ 

/ 

/ 

/ 


DEFINE MIO-SU'-rACE NODE'S F (13 FIN CUMPCNFMS — 10 NUDES PER SCCTMN. 
THE NODES ARE LOCATED SUCH THAT IHE Y COINCIDE WITH THE L JNGITU01 NAL 
CONTROL CURVES DEE INI tl 6Y THE Ff.RICM CAIA RECOPO IN THE GfOMFTRY 
DATA SET. / 

COMPONENT F IN A / 


MIOSL'PFACE neoes 

IN 

SECTION 50. 

2.C 5.0 

72. 2.0 

5.0 

50. 2.0 

-5.C 

/ 

4031 TO 43 lu 

OF 

.1 *=/ .2 / 







MI0SUAF4LF NDIH. S 

IN 

SECTION 59. 

4.C 5. 0 

70. 4.3 

5.0 

50. 4.C 

-5.0 

/ 

4011 TO i02J 

ur 

.1 * = / .2 / 







MIOSURFACE MiOtS 

IN 

SI CT ION 53. 

6.0 5.0 

70. 6.0 

5.0 

53. o.O 

-5.0 

/ 

4321 TO 403 ) 

HE 

.1 *=/ .2 / 







MIOSURFACE ML Of S 

IN 

SEClIlJV 5C . 

3. **33 5. C 

70. 8.463 

5.0 

53. 8.463 

-5.0 

/ 

4031 Til ,,Ct') 

UF 

.1 « = / .2 / 







COMPONENT TIM 

/ 








MIFSUKFACt NUDE S 

IN 

SECT ION 50. 

8.463 5.0 

70. 8.483 

5.0 

50. 0.4<)3 

-5.0 

/ 

4041 TO 4059 

Of 

.1 *= / .2 / 







MIOSUPIACE fa' Of S 

IN 

SECTION 50. 

13.18 5.C 

70. 10.18 

5.0 

50. 10.18 

-5.0 

/ 

4041 TO 4 1. 6 3 

CF 

.i <■ = / .2 / 







CCMPOMI NT f|NC 

/ 








MIOSURFACE NUDES 

IN 

Slul ION 5". 

-4.481 5. 

70. -4.481 

5. 50 

. -4.431 - 

5. / 


4061 TO 4C 73 

IJF 

.13/2 . C o 2 E< 

.1 4=4 .1626 .1372 / 





MICSURFACE fa'CES 

IN 

SICTIUN 53. 

-3.943 5. 

•C. -3.948 

5. 50 

. -3.048 - 

5. / 


4071 TO 438 3 

OF 

• 0 72 .Co28 

.1 * = 4 .1628 .1377 / 





CUMPOMNT TIND 

/ 








MIDSURFACfc NODE S 

IN 

MOTION 50. 

-2.455 5. 

7C. -2.455 

5. 50 

. -2.455 - 

5. / 


4 361 Tfl 4040 

OF 

.0/2 . 0o28 

.1 4=4 .1628 .1372 / 





COMPONENT TlMi: 

/ 








MI CSURf ACE NGUlS 

IN 

SECT ION 5C. 

-2.0 5. 7C 

. -2.0 5. 50. -2 

.3 -5. / 



4091 TO 4103 

IF 

.1372 .0620 

.1 6=4 . 1628 .13/2 t 






/ 


DEFINE MID- SURFACE MODES FOR CANAFJ COMPONENTS — 10 MODES PER SECTION. 
THE NUOFS ARE LUCA TF I) SJCH THAT THEY COINCIDE UTH THE l ON’’, I Tu II NAL 
CUNT POL CURVES DEFINE i) DY THE ENRICH CATA RECORD IN THL GEOMETRY 
OATA SET. / 

CCMPONfMT LANRCAP I 


Ml I) SUP r ACE NUDES 

IN 

SECT ION 50. 

3.0 -1 

. 70. 

3.0 -1 

. 50. 3.0 1. 

/ 

5001 TO 5C1J 

OF 

.1 * = / .2 / 






MICSORfACf MCDtS 

IM 

SECT ION 5C. 

6.0 -1 

. 70. 

6.0 -1 

. 50. 6.0 1. 

/ 

5011 TO 5C2 3 

OF 

.1 * = 7 .2 / 






MIOSURFACE NUOES 

IN 

SECTION 50. 

11.315 -l 

. 70. 

11.315 -l 

. 50. 1 1.3.5 1. 

/ 

5021 TO 5030 

OF 

.1 4=7 .2 / 






CCMPONi.NT CAM* 1 

DAL 

/ 






M I CSUP f AC I NODES 

IM 

SrCTIUM 50. 

-3.0 

1. 70. 

-3.0 

-1. 50. -3.0 

1. 

5)41 TO 5Cj: 

of 

.1 * = / .2 / 






M I DMlf F ACf NODI . 

IM 

SiCTll'M 5). 

-6.0 

1. 73. 

-6.0 

-i . 53. -6.0 

1. 

5051 10 SOo.i 

OR 

.1 *=/ .2 / 






MIDSUKFACf MOORS 

IM 

Si CT tl N 8'.'. 

-11.315 - 

1. 7G. 

-11.315 

-1. 53. -11.315 

1. 

596 I I ) 5 0/8 

(IF 

.1 4=7 .7 / 






CUMP3.NI.Nf CAN--! 


/ 






MIOSJtrACl Mi 1 OF S 

IN 

MCTIuN 50. 

12.319 -1 

. 70. 

12.319 -1 

. 50. 12.317 1. 

/ 

5031 10 5C 4 r 

nr 

.1 - = / .2 / 






CCMPUMNI C AM*f Ht'.l 

/ 






MICSURFALt MMOL, 

IN 

SfcuT ION 53. 

-12.319 - 

1. 7C. 

-12.319 

-1. 50. -17.319 

1. 

5071 TO 5^80 

OF 

.1 *=7 .2 7 







END EXTRACT I 



END NUOAL RATA / 

*/ / 

*/ DEFINE NUGE SUBSTTS FOR PRINT ANO PLOT Dl SCLAVS. / 
BEGIN SUNSET UCFINITION / 

SUBSETS OK NtOAl SET ID / 

NIO « AtL / 

CNO SUBSET UEFINTT ION / 

END PROBLEM OATA / 
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Figure 303-2* ATUS Nodal Data for SST Aircraft 
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Figure 303-3. Fighter Aircraft Configuration 
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Figure 303- 4 . ATLAS Nodal Data for Fighter Aircraft 
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Configuration- 
Program Data 


Savef i le 


LRCGEOM 

{jfavef i l^| 
AlLA^ Geometry 


Geometry 

Preprocessor 


JMTARNI^ , 

Geometry 

vJJata^- 


ATLAS 

Nodal Data 


Nodal 

Preprocessor 


DATARNF 


Extract/ 
Graphics 
and Print 


Prints and Plots 
of Nodal Geometry 


Figure 303-5- 


Schematic of ATLAS/ LaRC Airplane Configuration 
Program Interface Demonstration 
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